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PREFACE 


Since 1954^ the Thermal Si Solid State Branch of the Air Force Materials Labo^ 
ratory has had a continuing interest in delineating raaterials-environment inter- 
actions under extreme thermal environments. This interest has most frequently 
resulted in the Air Force sponsorship of research programs aimed at the measure- 
ment of certain optical, thermophysical and thermodynamic properties of materials, 
kinetic studies of materials-environment interactions, the development of improved 
techniques for making these measurements, and the consolidation of literature data 
in some of these areas. This compilation spawned from these interests. 

The magnitude of this effort, as has probably been the case with most works of 
this type, was underestimated. The work presented here is thus a contribution ra- 
ther than a completed effort. It is hoped that others will continue in this effort. 
Thermodynamics has demonstrated itself as an important theoretical tool for pre- 
dicting the chemical and physical behavior of materials under diverse environmental 
conditions. Much basic thermodynamic data have been and are now being obtained 
from many research programs throughout the world. However there has always 
been a uistlact need for a program staffed by highly specialized personnel to evalu- 
ate, integrate, extrapolate and otherwise reduce these data to make them available 
in an interconslstent form directly useful to scientists and engineers for design 
purposes. The recent establishment of the National Standard Reference Data Pro- 
gram finally indicates the realization that we can no longer afford to be without such 
a continuing effort to help support and guide our research. 

There are certain unique features to this work which have not generally been 
characteristic of other works of this type or at least not in this degree of detail or 
in this combination. It is believed that these are desirable features and should be 
considered in any future work of this type. The user's right to disagree has been 
profusely aided and abetted since the details of tht critical analysis leading to the 
choice of accepted values are presented. Accuracy estimates are listed for most 
of the tabulated values. The fact that many of the taoles extend to 6000 ®K and con- 
tain tabulation of data at close intervals of temperature is considered a great ad- 
vantage. The program served as a proving ground for many computer techniques 
whose impact in the information generation, storage, and retrieval areas are yet to 
be felt. 

The help of Mr. Edmund J. Roiinski and Dr. Emile Rutner of the Thermal Si 
Solid State Branch is gratefully acknowledged as are the unknown visionaries in the 
higher echelons of the Department of Defense who assigned the special funds for the 
initiation of this effort. The thanks of the Air Force, the U. S. Government and the 
scientific community are due to the collaborators and contributors to this compila- 
tion. Special gratitude is due to Messrs. Hyman Marcus, Jules I. Wittebort and 
Leo F. Salzberg whose vision, faith, ^ 'operation, patience and understanding were 
essential in carrying this work to this point. 


Paul W. Dimiduk 
Thermal and Solid State Branch 
Materials Physics Division 
Air Force Materials Laboratory 




FOREWORD 


This publication is based on a final report (ASD-TR-61-260 Pt. II, 1964) pre- 
pared by the Research and Advanced Development Division of the Avco Corporation 
on Contract AF33(657)-8223 under Project No. 7360, The Chemistry and Physics 
of Materials: Task No. 736001, Thermodynamics and Heat Transfer. The work 
was administered under the direction of the Materials Physics Division of the Air 
Force Materials Laboratory, Research and Technology Division; the RTD monitor 
on the program was Mr. Paul Dimiduk of the Thermophysics Section. The data re- 
ported herein was compiled between 1 June 1962 and 31 December 1963. This work 
includes a study of the thermodynamics of the borides, carbides, nitrides, and ox- 
ides of 31 elements in the temperature range from 0°to 6000®K. The elements are 
(a) group n A -- beryllium, magnesium, calcium, and strontium; (b) group HI B-- 
scandium, yttrium, and lanthanum, (c) group IV A -- silicon; (d) group IV B -- tita- 
nium, zirconium, and hafnium, (e) group VB-> vanadium, niobium, and tantalum; 
(f) group VI B-- chromium, molybdenum, and tungsten; (g) group Vn B --manganese, 
technetium, and rhenium; (h) group VIII -- rhodium, osmium, iridium, and platinum; 

(i) rare earths-- cerium, neodymium, samarium, gadolinium, and dysprosium; and 

(j) s -- uranium and thorium. More than 160 thermodynamic tables, together 
with comprehensive discussions, have been prepared. The work has been summa- 
rized in two volumes. 

Volume 1 {}>ublished separately, 690 pp, 1966) presents a summary of the 
techniques used to analyze thermodynamic data and gives the data analyses for re- 
fractories considered. Volume 2 (this book) is a compilation of thermodynamic 
tables generated on this project. It also contains a bibliography and property file. 
The latter is essentially a subject index for use with the bibliography. 

This work has been the result of the efforts of a group of scientists, including 
Doctors H. L. Schick, D. F. Anthrop, R. J. Durnault, R. E. Dreikorn, R. C. 
Feber, M. Grlffel, C. H Leigh, M. B. Panish, and C. H. Ward. Project Direc- 
tors were R. J. Barriault (deceased June 1962), C. H. Leigh (June to December 
1962), and H. L. Schick (December 1962 to December 1963). The contributions of 
different scientists can be identified by reference to the thermodynamic tables of 
Volume 2. Each of these tallies is labeled with the initials of the responsible scien- 
tist and the approximate date of the analysis. The corresponding discussion in 
Volume 1 was also prepared by the same scientist. 

His fellow co-workers wish to express their leeling of loss at the untimely 
passing of Dr. Roland J. Barriault at the beginning of this project in June, 1962. 
His enthusiasm and leadership were invaluable in a previous contract, AF 33 (616)- 
7327. 

Prof. W. L. Klemperer of Harvard University has acted as consultant on spec- 
troscopic and thermodynamic problem.^. 

Many individuals located throughout the world have been kind enough to provide 
information to assist this work. An effort has been made to acknowle^e such help 
below. Any omissions are entirely accidental. 

L. Akerlind University of Stockholm 

C. B. Alcock Imperial College of London 


vii 



FOREWORD 


B. Aronsson 
R. F. Barrow 

C. Beckett 
J. Berkowitz 

J. Berkowitz - Mattuck 

G. Brauer 

L- Brewer 

E. R. Cohen 

R. H. Crist 

T. Dergazarian 

P. Dimiduk 

R. T. Dolloff 

T. B. Douglas 

J. W. M. DuMond 

J. Elliott 

R. D. Freeman 
R. R- Freeman 
M. A. Greenbaum 
E. Greenberg 

C. B. Henderson 

G. Herzberg 

D. L. Hildenbrand 
M, Hoch 

R. Honig 
W. N. Hubbard 

E . Huber 
R. Hultgren 

D. Jackson 

L. Kaufman 

K. K. Kelley 

R. Kieffer 
K. Komarek 
J. E. Kunzler 
T. F, Lyon 

J. L. Margrave 
C. Moore 
J. A. Morrison 

H. Nowotny 

C. D. Pears 

B. Pollock 
H. Prophet 

E. Rudy 

S. J. Schneider 
A. Sheindlin 

D. R. Stull and associates 

C. Trulson 
H. Voress 

D. Wagman 

E. Westrum 
C. A. Wert 


University of Uppsala 
Oxford University 
National Bureau of Standards 
Argonne National Laboratories 
Arthur D. Little Company 
University of Freiburg 
University of California 
North American Aviation 
Union Carbide Research Institute 
Dow Chemical Company 
Research and Technology Division 
National Carbon Company 

Heat Division, National Bureau of Standards, 
Washington, D. C. 

California Institute of Technology 
Massachusetts Institute of Technology 
Oklahoma State University 
Chemical Abstracts 
Rocket Power, Pasadena, California 
Argonne National Laboratories 
Atlantic Research Corporation 
National Research Council of Canada 
Aeronutroni cs 
University of Cincinnati 
Radio Corporation of America 
Argonne National Laboratories 
Los Alamos Scientific Laboratory 
University of California 
Lawrence Radiation Laboratory, 

Livermore, California 
Manlabs 

Bureau of Mines 

University of Vienna, Reutte- Tyrol 
New York University 
Bell Telephone Laboratories 
General Electric Company 
Rice Institute 

National Bureau of Standards 

National Research Council of Canada 

University of Vienna 

Southern Research Institute 

Atomics International 

Dow Chemical Company 

Aerojet-General, Sacramento, California 

National Bureau of Standards 

Academy of Science, USSR 

Dow Chemical Company 

Union Carbide, Tarrytown, New York 

Atomic Energy Commission 

National Bureau of Standards 

University of Michigan 

University of Illinois 


viil 



FOREWORD 


Several scientific meetings have provided opportunity for many valua> 
ble discussions. They include: 

1. A colloquium on diborides held at Arthur D. Little Company under 
A. D. Little- Manlabs sponsorship in January 1963. 

2. An NRC-OCT conference on critical tables of thermodynamic data 
held at the National Academy of Science on 14-15 March 1963 under 
the dual chairmanship of Prof. C. Westrum and Dr. G. Waddington. 

3. The Stanford Research Institute Symposium on High Temperature 
Technology at Asilomar, California, in September 1963. 

4. A JANAF Thermochemical Panel Meeting in New York City on 5-7 
November 1963. 


The cooperation of the library staffs at the Massachusetts Institute of Technol- 
ogy, the Cambridge Research Laboratories at Hanscom Field, The New York office 
of the Atomic Energy Commission, the Division ot Technical Information Extension 
at Oak Ridge, and Avco RAD has been invaluable. 

Ai.4'’y<5es were aided by the work of the following summer students at Avco 
RAD: Messrs. J. Hopps (Boston University) and K. Spears (University of Kansas). 

Computer and associated programming were aided by the work of Messrs. W. 
Duffy, E. Levine, J. Paskalides, L. Reid, E. Vancor, and others. 

Bibliography preparation, computations, and general assistance with computer 
facilities were provided by Miss Charlotte Topliffe, and Messrs. D. V. LaRosa, 
W. L. Perry, W. Wise, G. Costas, G. Hitchcock, and K. Campbell. 

Especially valuable throughout this project has been the wide range of help 
given by Mrs. Patricia Topham, Mrs. Irene A. Hutn'ck, and Messrs. D. V. LaRosa 
and L. I. Rose. 

The work reported herein was performed at Avco RAD with the help of all lev- 
els of management. Dr. M. E. Malin (Vice-Pres*dent of Research) showed a con- 
tinuing interest in the progress of this work. 

One of us (H. L. Schick) would also like to express appreciation to Mr. R. 
Capiaux of Lockheed Missiles and Space Company for support in the final stages of 
publishing this document. 
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VII. THERMODYNAMIC TABLES 


This document (volume 2) is made up of thermodynamic tables compiled during 
this project.In addition^ any tables from an earlier project^ which have not been 
revi sed during the present work are included in this volume. Hence, the present 
volume is a complete compilation of the latest tables generated on both projects. 

For the user who wishes to know only the important source data, a brief summary 
is provided on the back of each table. This summary has been patterned after 
that of the JANAF thermochemical tables. The brief summaries on the backs 
of these tables are necessarily very sketchy and only refer to data actually 
used in producing the tables. For the user who wishes a complete background 
of all data considered in the analyses prior to tr ble preparation, it is necessary 
that the data analyses of volume 1 be consulted.^ Data analyses for tables 
carried over from the previous contract may be found in the earlier work. ^ 

For many of the tables included herein, uncertainty estimates have been 
provided. These uncertainty estimates (when included) always physically 
follow the tables to which they refer. The estimates serve two purposes: 

1, They provide rough guides to the accuracy of the data tabulated, 

How’ever because of the wide range in quality of thermodynamic data 
reported in the literature, it is often difficult to give a reliable estimate 
of the uncertainty. In some cases, the present estimates may do injustice 
to very precise data and similarly in other erses the opposite may occur. 
However, overall, the present esumates are o rough guide to the quality 
of the data. 

2. For the casual user who may feel that data tabulated to three significant 
figures have this accuracy, the uncertainty estimates provide a more 
realistic appraisal of the situation. 

The order in which the tables are placed is according to the modified Hill^ in- 
dexing system for chemical compounds as used by the JANAF Thermochemical 
Panel Compilation,^ Chemical Abstracts, and the Classification Division of the 
D. S. Patent Office. In the upper right-hand corner ol each table is an alpha- 
betic arrangement of the atomic symb». s in the chemical formula. The order 
of the tables is alphabetic according to this compound symbol except for carbon 
compounds which include the very large organic category. In carbon compounds, 
the elemental symbol "C* always comes first, immediately followed by "H" if 
hydrogen is present. The other elemental symbols in carbon compounds then 


Manuscript released by authors (December 1963) for publication as an ASD 
Technical Documentary Report. 



follow in their regular order. The numbers of atoms of the elements in the com- 
pound play a secondary role in determining the tables * positions. Their influence 
is subordinate to the ord.*r in which the atomic symbols occur in the compound 
symbol. For example, any compound symbol containing would come after 

all others containing "C, " regardless of any other element symbols the compound 
symbol might contain. Reference state and condensed phase tables have been 
placed before ideal gas tables. 

Solid lines with double entries have been used to designate primary transitions, 
such as solid-state changes, melting points, and normal boiling points, in ref- 
erence state and condensed phase tables. Dotted lines have been used in the 
corresponding places in ideal gas tables to indicate discontinuities in the heats 
of formation of the gases due to the p^lm^lry transitions in the refc rence - s tate 
phases. Since primary transitions in condensed piiases of compounds are not 
reflected as discontinuities in heats of formation of the co r re sponchng ideal 
gases, double entries have not been included at such temperatures in ideal gas 
tables of compounds. Double entries with no lines have been used in tables of 
compounds to indicate discontinuities in heats of formation due to transitions 
in the elements. 

Two indexes to the tables of this section follow'. The filing order presented in 
tabular form shows the arrangement of tables exactly as they appear (tables 

89 to 250). A second index arranged alphabetically can be used for ease in 
locating a given table. 


REFERENCES FOR SECTION VII 

1. Barriault, R. J. Thermodynartiics of Certain Refractory 

Compounds, ASD TK 6l -260, Pt. I, Vol. I (May 1962). 

2. Schick, H. L. e t al. Thermodynamics of Certain Refractory Compounds, 
ASD TR 61-260. Pt. 11 Vol. 1 (1964), present work. 


3. Hill, E. A., J. Am. Chem. Soc. 478 (1900). 

4. Dergazarian. T.E. JANAF Interim Thermochemical Tables, 

ols. 1 and 2, Dow Chem. Co., Midland, Mich. (31 December I960). 
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THE THERMODYNAMIC TABLES* 


Table 

Title 

Conventional 

Formula 

Filing Order 

89 

Boron 

Reference State 

B 

B 

90 

Ideal Monatomic Gas 

B 

B 

91 

Hafnium Diboride 

Condensed Phase 

HfB^ 

B2Hf 

92 

Niobium Diboride 

Condensed Phase 

NbB2 

B2Nb 


Tantalum Diboride 

Condensed Phase 

TaB^ 

B2Ta 

9-1 

Titanium Diboride 

Condensed Phase 

TiB2 

BzTi 

9S 

Zirconium Diboride 

Condensed Phase 

ZrB2 

B2Zr 

9b 

1 

Beryllium 

Reference State 

Be 

Be 

97 

Ideal Monatomic Gas 

Be 

Be 

98 

Beryllium Oxide 

Condensed Phase 

BeO 

[ 

BeO 

99 

Ideal Molecular Gas 

BeO 

BeO 

100 

Beryllium Carbide 

Condensed Phase 

1 

1 

j Be2C 


101 

Dimeric Beryllium Oxide 

Ideal Molecular Gas 

Be 2© 2 


102 

Beryllium Nitride 

Condensed Phase 

Be 3 N 2 

Be 3 N 2 

103 

Trimeric Beryllium Oxide 
Ideal Molecular Gas 

Bc^Ob 

86303 


2-3 



Table 


Title 


Conventional 

Formula 


Filing Order 


104 

Tetrameric Beryllium Oxide 
Ideal Molecular Gas 

© 6^04 

Be^O^ 

105 

Pentameric Beryllium Oxide 
Ideal Molecular Gas 

Be505 

86505 

106 

Hexameric Beryllium Oxide 
Ideal Molecular Gas 



107 

Carbon 

Reference State 

c 

C 

108 

Ideal Monatomic Gas 

C 

C 

109 

Hafnium Carbide 

Condensed Phase 

HfC 

CHf 

no 

Dimolybdenum Carbide 
Condensed Phase 

M02C 

C M 02 

111 

Niobium Carbide 

Condensed Phase 

NbC 

CNb 

112 

Diniobium Carbide 

Condensed Phase 

Nb 2 C 

CNI 12 

113 

Silicon Carbide 

Condensed Phase 

SiC 

CSi 

114 

Tantalum Carbide 

Condensed Phase 

TaC 

CTa 

115 

Ditantalum Carbide 

Condensed Phase 

Ta 2 C 

CTa 2 

116 

Thorium Carbide 

Condensed Phase 

ThC 

CTh 

117 

Titanium Carbide 

Condensed Phase 

TiC 

CTi 

118 

Tungsten Carbide 

Condensed Phase 

WC 

cw 


2 









Table 

Title 

Conventional 

Formula 

Filing Order 

119 

Ditungsten Carbide 

Condensed Phase 

W 2 C 

CW 2 

120 

Zirconium Carbide 

Condensed Phase 

ZrC 

CZr 

121 

Diatomic Carbon 

Ideal Molecular Gas 

Cz 

C 2 

122 

Trimolybdenum Dicarbide 
Condensed Phase 

Klo 2 

C 2^03 

123 

Thorium Dicarbide 

Condensed Phase 

ThC 2 

C 2 Th 

124 

Ideal Molecular Gas 

ThC 2 

C 2 Th 

125 

Triatomic Carbon 

Ideal Molecular Gas 

C 3 

C 3 

126 

Calcium 

Reference State 

Ca 

Ca 

127 

Ideal Monc^tomic Gas 

Ca 

Ca 

128 

Calcium Oxide 

Condensed Phase 

CaO 

CaO 

129 

Ideal Molecular Gas 

CaO 

CaO 

130 

Cerium 

Reference State 

Ce 

Ce 

131 

Ideal Monatomic Gas 

Ce 

Ce 

132 

Cerium Oxide 

Ideal Molecular Gas 

CeO 

CeO 

133 

Chromium 

Reference Slate 

Cr 

Cr 

134 

Ideal Monatomic Gas 

Cr 

Cr 

135 

Chromium Monoxide 

Ideal Molecular Gas 

CrO 

CrO 
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Table 

Title 

Conventional 

Formula 

Filing Order 


Chromium Dioxide 

Condensed Phase 

CrO^ 

Cr02 


Ideal Molecular Gas 

Cr02 

Cr02 


Chromium Trioxide 

Condensed Phase 

Cr 03 

Cr 03 

139 

Ideal Molecular Gas 

Cr 03 

Cr 03 

140 

Hafnium 

Reference State 

Hf 

Hf 

141 

Ideal Monatomic Gas 

Hf 

Hf 

142 

Hafnium Nitride 

Condensed Phase 

HfN 

HfN 

143 

Hafnium Monoxide 

Ideal Molecular Gas 

HfO 

HfO 

144 

Hafnium Dioxide 

Condensed Phase 

Hf02 

HfOp 

145 

Ideal Molecular Gas 

HfO^ 

Hf02 

146 

Iridium 

Reference State 

Ir 

Ir 

147 

Ideal Monatomic Gas 

Ir 

Ir 

148 

Iridium Monoxide 

Ideal Molecular Gas 

IrO 

IrO 

149 

Magnesium 

Reference State 

Mg 

Mg 

150 

Ideal Monatomic Gas 

Mg 

Mg 

151 

Magnesium Oxide 

Condensed Phase 

MgO 

MgO 

152 

Ideal Molecular Gas 

MgO 

MgO 

153 

Magnesium Nitride 

Condensed Phase 

Mg3N2 

Mg3N2 

154 

Manganese 

Reference State 

Mn 

Mn 

Mn 

155 

Ideal Monatomic Gas 

Mn 
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Table 

Title 

Conventional 

Formula 

Filing Orde 

156 

Manganese Oxide 

Ideal Molecular Gas 

MnO 

MnO 

157 

Molybdenum 

Reference State 

Mo 

Mo 

158 

Ideal Monatomic Gas 

Mo 

Mo 

159 

Molybdenum Monoxide 

Ideal Molecular Gas 

MoO 

MoO 

160 

Molybdenum Dioxide 

Condensed Phase 

M 0 O 2 

M 0 O 2 

161 

Ideal Molecular Gas 

M 0 O 2 

MoO 2 

162 

Molybdenum Trioxide 
Condensed Phase 

MoO ^ 

MoO 3 

163 

Ideal Molecular Gas 

MoO 3 

M 0 O 3 

164 

Nitrogen 

Ideal Monatomic Gas 

N 

N 

105 

Niobium Nitride 

Condensed Phase 

NbN 

NNb 

1 66 

Diniobium Nitride 

Condensed Phase 

NbpN 

NNb 2 

lb7 

Tantalum Nitride 

Condensed Phase 

TaN 

NTa 

168 

Ditantalum Nitride 

Condensed Phase 

Ta 2 N 

NTa 2 

169 

'litanium Nitride 

Condensed Phase 

TiN 

NTi 

170 

Zirconium Nitride 

Condensed Phase 

ZrN 

NZr 

171 

Nitrogen 

Reference State 

Nz 

N 2 
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Table 

Title 

Conventional 

Formula 

Filing Order 

172 

Silicon Nitride 

Condensed Phase 

Si3N4 

N4Si3 

173 

Niobium 

Reference State 

Nb 

Nb 


Ideal Monatomic Gas 

Nb 

Nb 


Niobium Monoxide 

Condensed Phase 

NbO 

NbO 


Ideal Molecular Gas 

NbO 

NbO 


Niobium Dioxide 

Condensed Phase 

NbO 2 

NbO 2 


Ideal Molecular Gas 

NbO 2 

NbO 2 

179 

Niobium Pentoxide 

Condensed Phase 


Nb 205 

180 

Oxygen 

Ideal Monatomic Gas 

o 

O 

181 

Osmium Monoxide 

Ideal Molecular Gas 

OsO 

OOs 

182 

Platinum Monoxide 

Ideal Molecular Gas 

PtO 

OPt 

183 

Rhenium Monoxide 

Ideal Molecular Gas 

ReO 

ORe 

184 

Rhodium Monoxide 

Ideal Molecular Gas 

RhO 

ORh 

185 

Silicon Monoxide 

Ideal Molecular Gas 

SiO 

OSi 

186 

Strontium Monoxide 

Condensed Phase 

SrO 

OSr 

187 

Ideal Molecular Gas 

SrO 

OSr 

188 

Tantalum Monoxide 

Ideal Molecular Gas 

TaO 

OTa 
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Table 

Title 

Conventional 

Formula 

189 

Technetium Monoxide 

Ideal Molecular Gas 

TcO 

190 

Thorium Monoxide 

Ideal Molecular Gas 

ThO 

191 

Titanium Monoxide 

Condensed Phase 

TiO 

192 

Ideal Molecular Gas 

TiO 

193 

Uranium Monoxide 

Ideal Molecular Gas 

uo 

194 

Tungsten Monoxide 

Ideal Molecular Gas 

wo 

195 

Yttrium Monoxide 

local Molecular Gas 

YO 

196 

Zirconium Monoxide 

Ideal Molecular Gas 

i ZrO 

j 

197 

Oxygen 

Reference State 

02 

198 

Osmium Dioxide 

Ideal Molecular Gas 

( SO 2 

199 

Silicon Dioxide 

Condensed Phase 

Si02 

200 

Ideal Molecular Gas 

Si02 

201 

Tantalum Dioxide 

Ideal Molecular Gas 

Ta02 

202 

Titanium Dioxide 

Condensed Phase 

Ti02 

203 

Ideal Molecular Gas 

TiO 2 

204 

Uranium Dioxide 

Condensed Phase 

UO 2 

205 

i 

Ideal Molecular Gas 

UO 2 


Filing Order 

OTc 

OTh 

OTi 

OTi 

OU 

OW 

OY 

OZr 

02 

O2O8 

O^Si 

02Si 

02Ta 

OpTi 

OzTi 

O 2 U 

O 2 U 







Table 

Title 

Conventional 

Formula 

Filing Order 

206 

Vanadium Dioxide 

Ideal Molecular Gas 

VO 2 

02V 

207 

Tungsten Dioxide 

Condensed Phase 

WO2 

o,w 

208 

Ideal Molecular Gas 

WO2 

02W 

209 

Zirconium Dioxide 

Condensed Phase 

Z rO y 

02Zr 

210 

Ideal Molecular Gas 

Zr02 

02Zr 

211 

Osmium Trioxide 

Ideal Molecular Gas 

OSO3 

O3OS 

212 

Titanium Sesquioxide 

Condensed Phase 


0 3 T' i 2 

213 

Tungsten Trioxide 

Condensed Phase 

WO 3 

O3W 

214 

Ideal Molecular Gas 

WO 3 

03W 

215 

Osmium Tetroxide 

Ideal Molecular Gas 

OsO^ 

O4OS 

216 

Tantalum Pentoxide 

Condensed Phase 

Ta205 

O^Ta^ 

217 

Trititanium Pentoxide 
Condensed Phase 

TijO^ 

05Ti3 

218 

Rhenium Heptoxide 

Condensed Phase 

Re 20*7 

07 Re 2 

219 

Osmium 

Reference State 

Os 

Os 

220 

Ideal Monatomic Gas 

Os 

Os 

221 

Platinum 

Reference State 

Pt 

Pt 

222 

Ideal Monatomic Gas 

Pt 

Pt 
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Table 

Title 

Conventional 

Formula 

— 

Filing Order 

223 

Rue ni um 

Reference State 

Re 

Re 

224 

Ideal Monatomic Gas 

Re 

Re 

225 

Rhodium 

Reference State 

Rh 

Rh 

226 

Ideal Monatomic Gas 

Rh 

Rh 

227 

Scandium 

Reference State 

Sc 

Sc 

228 

Ideal Monatomic Gas 

Sc 

Sc 

229 

Silicon 

Reference State 

Si 

Si 

230 

Ideal Monatomic Gas 

Si 

Si 

231 

Strontium 

Reference State 

Sr 

Sr 

232 

local Monatomic Gas 

Sr 

Sr 

233 

T antalum 

Reference State 

Ta 

Ta 

234 

Ideal Monatomic Gas 

Ta 

Ta 

235 

Techneti um 

Reference State 

Tc 

Tc 

236 

Ideal Monatomic Gas 

Tc 

Tc 

237 

Thorium 

Reference State 

Th 

Th 

238 

Ideal Monatomic Gas 

Th 

Th 

239 

Titanium 

Reference State 

Ti 

Ti 

240 

Ideal Monatomic Gas 

Ti 

Ti 

. 241 

! 

1 Uranium 

Reference State 

U 

U 

242 

Ideal Monatomic Gas 

U 

U 

243 

Vanadium 

Reference State 

V 

V 

244 

Ideal Monatomic Gas 

V 

V 
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Table 

Title 

Conventional 

Formula 

Filing Order 

245 

Tungsten 

Reference State 

W 

W 

246 

Ideal Monatomic Gas 

W 

w 

247 

Yttrium 

Reference State 

Y 

Y 

248 

Ideal Monatomic Gas 

Y 

Y 

249 

Zirconium 

Reference State 

Zr 

Zr 

250 

Ideal Monatomic Gas 

Zr 

Zr 


*At the bottom of the tables are listed the dates on which the tables have been 
completed and the initials of the scientist who prepared them. The same 
scientist has been responsible for the corresponding discussions which are 
given in volume 1 of this report. 


Name 

Initials 

Anthrop, D. F. 

DFA 

Dreikorn, R. E. 

RED 

Feber, R. C. 

RCF 

Griffel, M. 

MG 

Panish, M. B, 

MBP 

Schick, H. L. 

HLS 

Ward, C. H. 

CHW 
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THERMODYNAMIC TABLE INDEX 


B 

Alphabetical Listing 

Beryllium 

Reference State 
Ideal Monatomic Gae 

Beryllium Carbide 

Condensed Phase 

Beryllium Nitride 

Condensed Phase 

Beryllium Oxide 

Condensed Phase 
Ideal Mf'lecular Gas 

Dimeric Beryllium Oxide 
Ideal Molecular Gas 

llexameric Beryllium Oxide 
Ideal Molecular Gas 

Pentameric Beryllium Oxide 
Ideal Molecular Gas 

Tetrameric Beryllium Oxide 
Ideal Molecular Gas 

Trimeric Beryllium Oxide 
Ideal Molecular Gas 


Boron 

Reference State 
Ideal Monatomic Gas 


C 


Calcium 

Reference State 
Ideal Monatomic Gas 


Table 

96 

97 

100 

102 

98 

99 

101 

106 

105 

104 

103 

89 

90 

126 

127 


Page 

2-39 

2-41 

2-47 

2-51 

2-43 

2-45 

2-49 

2-59 

2-57 

2-55 

2-53 

2-25 

2-27 

2-99 

2-101 
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THERMODYNAMIC TABLE INDEX 


Alphabetical Listing Table 

Calcium Oxide 

Condensed Phase 128 

Ideal Molecular Gas 129 




2-103 

2-105 


Carbon 

Reference State 
Ideal Monatomic Gas 


107 2-61 

108 2-63 


Diatomic Carbon 

Ideal Molecular Gas 

Triatomic Carbon 

Ideal Molecular Gas 


121 

2-89 

125 

2-97 


Cerium 

Reference State 
Ideal Monatomic Gas 


130 2-107 

131 2-109 


Cerium Oxide 

Ideal Molecular Gas 

Chromium 

Reference State 
Ideal Monatomic Gas 

Chromium Dioxide 

Condensed Phase 
Ideal Molecular Gas 

Chromium Monoxide 

Ideal Molecular Gas 

Chromium Trioxide 

Condensed Phase 
Ideal Molecular Gas 


132 


2-111 


133 

134 


2-113 

2-115 


136 

137 


2-119 

2-121 


135 


2-117 


138 

139 


2-123 

2-125 


D 


Diatomic Carbon 

Ideal Molecular Gas 


121 


2-89 


2-14 



THERMODYNAMIC TABLE INDEX 


Alphabetical Listing 


Table 

Page 

Dimeric Beryllium Oxide 

Ideal Molecular Gas 


101 

2-49 

Dimolybdenum Carbide 
Condensed Phase 


no 

2-67 

Diniobium Carbide 

Condensed Phase 


112 

2-71 

Diniobium Nitride 

Condensed Phase 


166 

2-179 

Ditantalum Carbide 

Condensed Phase 


1 J 5 

2-77 

Ditantalum Nitride 

Condensed i'hase 


168 

2-183 

Ditungsten Carbide 

Condensed Phase 


119 

2-85 

Hafnium 

Reference State 

H 

140 

2-127 

Ideal Monatomic Gas 


141 

2-129 

Hafnium Carbide 

Condensed Phase 


109 

2-65 

Hafnium Diboride 

Condensed Phase 


91 

2-29 

Hafnium Dioxide 

Condensed Phase 


144 

2-135 

Ideal Molecular Gas 


145 

2-137 

Hafnium Monoxide 

Ideal Molecular Gas 


143 

2-133 
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Alphabetical Listing 

Table 

Page 

Hafnium Nitride 

Condensed Phase 

142 

2-131 

Hexameric Beryllium Oxide 

Ideal Molecular Gas 

106 

2-59 

Iridium 

Reference State 

Ideal Monatomic Gas 

I 

146 

147 

2-139 

2-141 

Iridium Monoxide 

Ideal Molecular Gas 

148 

2-143 


M 


Magnesium 

Reference State 

Ideal Monatomic Gas 

149 

150 

2-145 

2-147 

Magnesium Nitride 

Condensed Phase 

153 

2-153 

Magnesium Oxide 

Condensed Phase 

Ideal Molecular Gas 

151 

152 

2-149 

2-157 

Manganese 

Reference State 

Ideal Monatomic Gas 

154 

155 

2-155 

2-157 

Manganese Oxide 

Ideal Molecular Gas 

156 

2-159 

Molybdenum 

Reference State 

Ideal Monatomic Gas 

157 

158 

2-161 

2-163 
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Alphabetical Listing 

Table 

Page 

Molybdenum Dioxide 

Condensed Phase 

Ideal Molecular Gas 

160 

161 

2-167 

2-169 

Molybdenum Monoxide 

Ideal Molecular Gas 

159 

2-165 

Molybdenum Trioxide 

Condensed Phase 

Ideal Molecular Gas 

162 

163 

2-171 

2-173 

Dimolybdenum Carbide 

Condensed Phase 

1 10 

2-67 

Trimolybdenum Dicarbide 

Condensed Pnase 

122 

2-91 


N 


Niobium 

Reference State 
Ideal Monatomic Gas 

Niobium Carbide 

Condensed Phase 

Niobium Diboride 

Condensed Phase 

Niobium Dioxide 

Condensed Phase 
Ideal Molecular Gas 

Niobium Monoxide 

Condensed Phase 
Ideal Molecular Gas 

Niobium Nitride 

Condensed Phase 


173 

2-193 

174 

2-195 

111 

2-69 

92 

2-31 

177 

2-201 

IT8 

2-203 

175 

2-197 

176 

2-199 

165 

2-177 


2-17 



THERMODYNAMIC TABLE INDEX 


Alphabetical Listing 

Table 

Page 

Niobium Pentoxide 

Condensed Phase 

179 

2-205 

Diniobium Carbide 



Condensed Phase 

112 

2-71 

Diniobium Nitride 

Condensed Phase 

166 

2-179 

Nitrogen 

Reference State 

171 

2-189 

Ideal Monatomic Gas 

164 

O 

2-175 

Osmium 

Reference State 

219 

2 -285 

Ide.:*. Monatomic Gas 

220 

2 -287 

Osmium Dioxide 


«w 

Ideal Molecular Gas 

198 

2-24 1 

Osmium Monoxide 

Ideal Molecular Gas 

181 

2-209 

Osmium Tetroxide 

Ideal Molecular Gas 

215 

2-277 

Osmium Trioxide 

Ideal Molecular Gas 

211 

2 -269 

Oxygen 

Reference State 

197 

2-241 

Ideal Monatomic Gas 

180 

2-207 


i-18 
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P 


Alphabetical Listing 

Pentameric Beryllium Oxide 
Ideal Molecular Gas 

Platinum 

Reference State 
Ideal Monatomic Gas 

Platinum Monoxide 

Ideal Molecular Gas 


Table 

Page 

105 

2-57 

221 

2-289 

222 

2-291 

182 

2-211 


Rhenium 

Reference State 
Ideal Monatomic Gas 


R 


^23 

224 


2-293 

2-295 


Rhenium Hcptoxide 

Condensed Phase 218 2-283 

Rheniiun Monoxide 

Ideal Molecular Gas 183 2 -21 3 


Rhodium 

Reference State 
Ideal Monatomic Gas 


225 2-297 

226 2-299 


Rhodium Monoxide 

Ideal Molecvdar Gas 


1 84 


2 -215 


S 


Sc andi um 

Reference State 
Ideal Monatomic Gas 


227 

228 


2-301 

2-303 


Silicon 

Reference State 
Ideal Monatomic Gas 


229 2-305 

230 2-307 
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Alphabetical Listing Table Page 

Silicon Carbide 

Condensed Phase 113 2-73 


Silicon Dioxide 

Condensed Phase 
Ideal Molecular Gas 


199 2-245 

200 2-247 


Silicon Monoxide 

Ideal Molecular Gas 


185 


2-217 


Silicon Nitride 

Condensed Phase 

Strontium 

Reference State 
Ideal Monatomic Gas 

Strontium Monoxide 

Condensed Phase 
Ideal Molecular Gas 


172 

2-191 

231 

2-309 

232 

2-311 

186 

2-219 

187 

2-221 


2^20 
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Z 

Alphabetical Listing Table Page 

Tantalum 

Reference State 233 2 -313 

Ideal Monatomic Gas 234 2-315 

Tantalum Carbide 

Condensed Phase 114 2-75 

Tantalum Diboride 

Condensed Phase 93 2-33 

Tantalum Dioxide 

Ideal Molecular Gas 201 2-249 

Tantalum Monoxide 

Ideal Molecular Gas 188 2-223 

Tantalum Nitride 

Condensed Phase 167 2-181 

Tantalum Pentoxide 

Condensed Phase 2l6 2-279 

Ditantalum Carbide 

Condensed Phase 115 2-77 

Ditantalum Nitride 

Condensed Phase 168 2-183 

Tcchneti um 

Reference State 235 2-317 

Ideal Monatomic Gas 236 2 -319 

Technetium Monoxide 

Ideal Molecular Gas 189 2-225 

Tetrameric Beryllium Oxide 

Ideal Molecular Gas 104 2-55 
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T (Cont'd) 


Alphabetical Listing 

Thorium 

Reference State 
Ideal Monatomic Gas 

Thorium Carbide 

Condensed Phase 

Thorium Dicarbide 

Condensed Phase 
Ideal Molecular Gas 

Thorium Monoxide 

Ideal Molecular Gas 

Titanium 

Reference State 
Ideal Monatomic Gas 

Titanium Carbide 

Condensed Phase 

Titanium ’liboride 

Condensed Phase 

Titanium Dioxide 

Condensed Phase 
Ideal Molecular Gas 

Titanium Monoxide 

Condensed Phase 
Ideal Molecular Gas 

Titanium Nitride 

Condensed Phase 

Titanium Sesquioxide 
Condensed Phase 

Trititanium Pentoxide 
Condensed Phase 

Triatomic Carbon 

Ideal Molecular Gas 

Trimeric Beryllium Oxide 
Ideal Molecular Gas 


Table 

237 

238 

116 

123 

124 

190 

239 

240 

117 

94 

202 

203 

191 

192 

169 

212 

217 

125 

103 


Page 

2-321 

2-323 

2-79 

2 -93 
2-95 

2-227 

2 -325 
2-327 

2 -81 

2 -35 

2-251 
2-25 3 

2 -229 
2-231 

2-165 

2-271 

2-281 

2 -97 

2-53 
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T (Concl'd) 


Alphabetical Listing 

Trimolybdenum Dicarbide 
Condensed Phase 

Trititanium Pentoxide 
Condensed Phase 


Table 

Page 

122 

2-91 

217 

2-281 


Tungsten 

Reference State 245 2-337 

Ideal Monatomic Gas 246 2-339 


Tungsten Carbide 

Condensed Phase 


1 18 


2-83 


Tungsten Dioxide 

Condensed Phase 
Ideal Molecular Gas 


207 2-261 

208 2-263 


Tungsten Monoxide 

Ideal Molecular Gas 


194 


2-235 


Tungsten Trioxide 

Condensed Phase 
Ideal Molecular Gas 


213 2-273 

214 2-275 


Ditungsten Carbide 

Condensed Phase 


119 


2-85 


U 


Uranium 


Reference State 

241 

2-329 

Ideal Monatomic Gas 

242 

2-311 

Uranium Dioxide 

Condensed Phase 

204 

2-255 

Ideal Molecular Gas 

205 

2-257 

Uranium Monoxide 

Ideal Molecular Gas 

193 

2-233 
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V 


Alphabetical Listing 

Table 


Vanadium 

Reference State 

243 

2-333 

Ideal Monatomic Gas 

244 

2-335 

Vanadium Dioxide 

Ideal Molecular Gas 

206 

2-259 


Y 

Yttrium 


Reference State 

247 

2-341 

Ideal Monatomic Gas 

248 

2 -343 

Yttrium Monoxide 

Ideal Molecular Gas 

195 

2-237 


Z 


Zirconium 

Reference State 
Ideal Monatomic Gas 

Zirconium Carbide 

Condensed Phase 

Zirconium Diboride 

Condensed Phase 

Zirconium Dioxide 

Condensed Phase 
Ideal Molecular Gas 

Zirconium Monoxide 

Ideal Molecular Gas 

Zirconium Nitride 

Condensed Phase 


249 

2-345 

250 

2-347 

120 

2-87 

95 

2-37 

209 

2-265 

210 

2-267 

196 

2-239 

170 

2-187 
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lAni.E B9 


K E y E RE NC E S 7 A 7 E 


Reference State for CaU ulatiiif^ aHJ, T, and Eof{ Kp Solid R from 0 to ^4S0 K. 

l^iqiiid h from 24S() • to J970*K. ClaserMie H fron. <970* to 60oo "K 


1 ."K 


n 

298.1b 

300 

UOC 

bOO 

600 
7 00 
flOO 
900 

1 onn 

1100 
1 ?or 

1 3 00 

l/.nr. 

1 soc 

1 6C0 
1 700 
1 800 

1 9C0 

?ooo 

? \ 00 

??no 

? 3 0 0 

2 c 00 

peso 

c’cbO 

2b rn 


?6 0«- 
2 700 
2 80 0 
2900 
10O0 

1100 
3?OC 
1 300 
ICOO 
1500 

1600 

3700 

3600 

3900 

3969.96. 



•!/ ' K |[fw -- 






. 

‘ p 

•'7 1 

^ H K>8J/f 

M |- - M^^ 

0.000 

0.000 |74rlNlTr 

-0.290 

2 .823 

1.392 

1 . 392 

0.000 

2 . 8 4 b 

1 .409 

1 . 30 9 

0.006 

3.041 

2 . 1 7c 

1.516 

0.34 3 

4.49B 

3. 307 

1.783 

0. 762 

4.966 

c. 1 70 

2.108 

1.237 

5.333 

C . 96C 

2.C61 

1 .752 

5.6 39 

5.697 

2 .820 

2.301 

5.902 

6.377 

3 . . 78 

2.879 

6.1^0 

7.011 

3.5 30 

3.481 

6.32 9 

7 . 605 

3.879 

4 .104 

6.502 

H , 1 6 3 

4.208 

4 • 7C6 

6.652 

H .689 

C. 5^2 

5.403 

6,703 

9.187 

4.84 7 

6.075 

6.897 

9.659 

5.153 

6.759 

6.996 

10.107 

5.C46 

7.454 

7.083 

IC .b3C 

5.735 

8,158 

7.160 


5.01 3 

0.070 

7.228 

11.330 

6.282 

9.590 

7.200 

1 1 . 70 3 

6.5C5 

10.316 

’ . 141 

12.0^9 

6.790 

1 1 . Oc 7 

7. 388 

1 2 .40? 

7.0c 5 

11 . f84 

7. C 30 

12.731 

7,205 

12,525 

; . C68 

1 3.Cce 

7.519 

1 3.269 

7.485 

1 3 . 2 2 2 

7,654 

i 3.642 

7.500 

1 ‘ .522' 

7. 65*. 

19.277 

7.500 

15.673 

7,812 

19,652 

7. bOO 

15.967 

0.120 

.C.402 

7.b00 

1 6.250 

n , 4l 6 

21 .152 

7 . 5 0 0 

16.52 1 

B . 7' 1 

21.902 

7 , bnn 

15. 786 

6,9 75 

22.652 

7.5 00 

1 7 .re 1 

w , 2 c 0 

2 3 , c 0 2 

7.500 

17.267 

9. C9b 

24. 152 

7, 5 AO 

1 7 .b2c 

9, 7C 3 

2C-.902 

7.5 00 

1 7. 756 

9,70 2 

25.652 

7,500 

1 7.979 

i 0 . 2 1 4 

. o.-cO? 

7, 5C0 

18.197 

10,439 

27.152 


AM, 


Kp 


7. bOO 
7. bOO 
7. bOO 
7.b00 
7 • bOO 


1 e.cOfi 
l 8 . 6 1 c 
18.81^. 

1 9,C0<3 
1 9 . 1 C 2 _ 
‘c9 . 


lO.6b0 

10.870 

I I . 0 7 ■» 
11.277 

II . -.1 b_ 

1 1 .cl b 


27.902 

20.652 

29.C02 

30.152 

30.676 

151.248 


4000 

4.982 

49.551 

i 1 .70 2 

151.397 

4100 

4200 

4300 

C400 

4500 

C.9Hb 

4 • 988 
C.993 
C.997 
5.00? 

C 9 , 6 7 C 
c9 . 794 
49,912 
50.02 7 
50.139 

1 2.b2 6 

13.510 

14. 35b 

15.165 

15,941 

1 51 .896 
152.394 

1 52.893 
153.393 

153.893 

4600 

4700 

4800 

4900 

5000 

5.008 

5,015 

5.02? 

5.030 

5.030 

50.249 

50.357 

50.463 

50.566 

50.668 

16.605 

17.401 

1 8,089 
18.750 
19. 388 

154.393 

1 54.894 
• 55.396 
,55.899 
156.402 

MOC 

5200 

5300 

5400 

5500 

5.048 

5.058 

5.069 

5.001 

b.093 

50. 77 0 
50.866 
50.962 

51 .057 

bl . 1 51 

20.002 

20.595 

21.166 

21.719 

22.254 

156.906 

157.412 

157.918 

1 58.426 

1 56.934 

5600 

5700 

5800 

5900 

6000 

5.107 

5.L21 

5.136 

5.152 

5.168 

51 .242 
51.333 

51 .422 
51.510 

51 .597 

22.770 
23.271 
23.755 
24.225 
24.68 1 

159.444 

159.956 

160.460 

160.983 

161.499 
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HLS 



BORON (B) 


(REFERENCE STATE ) 


gfw r 10. 82 


0®K to 2450®K ^ CryBtAl 

2450®K to 3969. 96 K Liquid 

3969. 96^K to 6000^K Ideal Monatomic Ga* 


Ah°o - 0 

^»«98.15*° 

Ah" 298 . 15 = 133. 0 Kc.l gfw-1 

®298 15 1 592 cal degK'^ 

T^ « 2450°K 

= 5, 635 Real gfw- » 
m ” 

Tb * 3969. 96*"K 

Ah^ - 120. 572 Real gfw 

^ 1 

C^data from Wise et al 

P — “ 


Structure 


Elemental boron has several 
for further details 

crystalline modifications See earlier report^ (p J 


Heat of Formation 

Zero by definition 

Heat Capacity and Entropy 

Low temperature data from Johnaton et ^ and Wlee ai 
Melting 

2 

Several valuea diacueeed In earlier report 

Heat of Sublimation 

An average of several determination having scatter of about 8 Real See leal for 
more details. 
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B8R8N (B1 


IREFeREMCE STATE 1 


GFM • 10.82 


SUWWARY 9f URCCRTAINTY ESTIMATES 


csl/*g|Nr ^ Ec«l/ffe ^ 

T,*E Cj 5^. AhJ ^ Pp Ug 


29 B «15 

e 0.200 

6 0.020 

4 0.020 


0«000 

1000 

* 0.200 

4 0.260 

4 0.120 


0.140 

2000 

4 0.200 

* 0.400 

• 0.230 


0.340 

2450 

e 0.200 

4 0.420 

4 0.250 


0.430 

2450 

4 i.ooo 

* 0.720 

4 0.250 


1.160 

3000 

4 1.000 

4 0.920 

4 0.350 


1.710 

3969*96 

4 1.000 

4 1.200 

4 0.520 


2.710 
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TABLE 90 


FtORON 


ir>EAL MONATOMIC GA.S 


6 


Krfrrencr SUle for ( .iltuldtmK ^ H J. \ F J, -nd K Solid M from 0* lo 24^0*K. 

f»«jm 24'iO’ Ui 1*^70 'K (,*t.eoijfc fi fr«.ir. J'y70* to 6000 “K. 




' c. 


AH, 




Leg K 


0 

0.000 

0.000 

INFINITC 

298.15 

4.971 

36.649 

36.649 

300 

4.971 

36.680 

3 6.650 

400 

4.970 

38.110 

36,845 

500 

4.969 

39.218 

37,212 

600 

4.969 

40.125 

37.624 

700 

4.969 

40.8 ^0 

38.037 

800 

4.968 

41 .554 

38.436 

900 

4.968 

4: . 1 39 

38.815 

1000 

4.968 

42.662 

39.175 

1 lOO 

4.968 

43.136 

39.514 

1200 

4.968 

43.568 

39.833 

1 300 

4.968 

43.9(6 

40,136 

uoo 

4.966 

44 . > j4 

40,423 

1500 

4.966 

45 . ‘77 

40.695 

1600 

4.966 

45.998 

40.955 

1 700 

4 . 966 

55.299 

41.232 

1 80G 

^•966 

55.581 

51.437 

1900 

4.966 

55.851 

51.662 

2000 

4,966 

56.1 06 

51.878 

■>1 nO 

4 ,96H 

56 . 35 » 

52.086 

2 200 

5,966 

56,580 

42.285 

2 30C 

4.968 

56.801 

52.476 

2400 

4.966 

4'^. Cl? 

42.660 

2450 

5.968 

47.115 

52.750 

2450 

4.968 

57.1 U 

42.750 

2500 

4.966 

57,215 

42,839 

2600 

4.966 

57,510 

43.011 

7700 

4.968 

57.597 

43.177 

2800 

4 • V 6 8 

5 7 . 7 78 

43,138 

2900 

4.969 

47,952 

43.495 

3000 

5.969 

46.121 

43,646 

3100 

4. ^69 

48.284 

4 ) , 7 9 3 

3200 

5 .9 ?0 

48*441 

43,935 

3300 

5.9 70 

48,594 

44.074 

340r 

5 . V 7 1 

43 , 753 

44,212 

■i«.nr 

4,97? 

48,887 

44 . 34 1 

3600 

4.971 

49.027 

44,469 

3700 

4.975 

59,163 

4 4 • 5 -y t. 

3600 

4.97 7 

^9 , 2 X6 

44 .716 

3900 

4.979 

59.5?5 

44,835 

3969.96 

4,961 

59,513 

♦4.916 

3969.96 

4.981 

5 9 . ' 1 3 

•*5,916 

4000 

4.982 

49. ‘5 1 

54,951 

4100 

5.985 

59 . 6 74 

4 •-.066 

4700 

5,988 

5 9, 79., 

45.176 

4300 

5.993 

59.912 

45,205 

4400 

5,997 

50 . 7 

45.392 

4500 

5.00; 

‘0. ’ 19 

45 ,4 7t> 

460C 

5,008 

50 , 25^^ 

45,598 

4700 

5.015 

50. 357 

4'- ,698 

480C 

5.022 

50 , ..6 3 

4 5, : " 

4900 

5.0.30 

50,566 

4 s . ft ♦ 

5000 

5.038 

50.668 

45.987 

5100 

5.048 

50.768 

46.080 

5? 00 

5,058 

50.866 

46.171 

5300 

5,369 

50,96? 

46 . 2^0 

5400 

5,081 

51 .057 

46. 340 

5500 

5,0V3 

51.151 

46.435 

5600 

5.107 

51 ,242 

46.519 

5 700 

5.1^' 

51.333 

4 6. 60 3 

5800 

5 900 

5.1 »5 
5.) 52 

M .m22 
51,510 

46.686 

46.767 

6000 

5.168 

51 .597 

46.84’’ 


-1.51 1 

131 . 779 

131.779 

infinite 

0.000 

1 33.000 

122.489 

-89*782 

0.009 

1 33.003 

122.422 

-09.180 

0.506 

133. 163 

i 18.869 

-64.943 

1 .003 

1 33.241 

115.286 

-50.389 

1.500 

1 33.263 

1 1 1.691 

-40.681 

1,997 

133.245 

100.097 

-33.747 

2.494 

1 33.193 

104.508 

-28. 548 

2.991 

133.11? 

100.927 

-24.507 

3.487 

1 33,006 

97.355 

-21.275 

3.984 

1 32.880 

93.796 

) 

-18.634 : 

4.481 

1 32.735 

90.250 

-16.435 1 

4.978 

1 32.575 

86.715 

-14.577 j 

5.475 

1 32.400 

83.194 

-12.906 

5.972 

1 32.213 

79.607 

-11.609 1 

6.468 

132.014 

76.189 

-10.406 ! 

6.965 

* 31 .807 

72.707 

-9.346 

7.462 

. 31 . 592 

69.237 

-8.406 

7.959 

i 31 . 369 

65.770 

-7.565 

9.446 

1 31 . 140 

62.334 

-6.011 

8.952 

1 30.905 

58.896 

-6.129 

9.449 

1 30.665 

55.472 

-5.510 ' 

9. 746 

1 30.421 

52.061 

-4.946 

10.453 

1 30.1 74 

46.662 

-4,431 

10.691 

1 30.049 

47.015 

-4.193 

10.691 

’ 124.4 14 ■ 

'■ 47.015 ■ 

"" -4.193 1 

10.940 

1 25.288 

45.433 

-3.971 , 

1 

1 1.437 

124.035 

42.284 

-3.554 i 

1 1.933 

123.781 

39.146 

-3.168 ; 

12.430 

1 23. 528 

36.017 

-2.811 ' 

12.927 

123.275 

32.895 

-2.478 ! 

1 3.424 

123,02? 

29.782 

-2.i69 1 

13.921 

1 22. f69 

26.660 

-1.880 \ 

15.418 

122.516 

23.586 

-l.6i0 . 

14.915 

'-.26» 

20.497 

-1.357 1 

: 5.412 

1 ; 010 

17.414 

-1.119 ‘ 

15.909 

12 . '57 

14.343 

-0.895 j 

1 6 * 406 

121.504 

1 1 .261 

-0.684 1 

1 6.905 

1 21 .252 

8.222 

-0.405 , 

1 ■».50J 

1 20.999 

5.172 

-0.297 1 

17.899 

1 20.747 

2.124 

-0.119 I 

.8.247 

120.571 

0.000 

o.ooc ■ 




18.806 S 

14.^44 i 

1<>,8‘>5 

rA. ^94 

rite's^ 


21 . A93 
21 .894 
22.396 
22.899 
?'>.402 

23.906 
74.412 
24.91 8 
26.426 
25.934 

26.444 

26.9S6 

27.468 

27.983 

28.499 
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BORON, MONATOMIC (B ) 


(IDEAL CAS) 


gfw = 10. S2 


Ah°o = 131. 779 Kcal 
Ground State Configuration 

”298. 15-”0= * 


2 

P 

-1 


i 


^^f298. 15 " ® Kcal gfw* ^ 

^298 15 ~ ^^'649 cal degK’^ gfw“^ 


Electronic Levels and Multiplicitiee 
1 

Data from earlier report. 


Heat of Formation 

An average of several determinations having scatter of about 8 Kcal. See earlier report' 
and volume 1, this report for more details. 

Heat Capacity and Entropy 

1 

From earlier report. 

Reference 

1. Barriault, R. J. et al, Thermodynamics of Certain Refractory Compounds.^ 

Ft. I. Vol. 1, ASD TR-61 -260 (May 1962). 

kl0HSNf M0NAT0MI-: (rtl .IMAi lA. ' ' 1 0 . 

E.MHAhY L*N'CB*A,Mt I ”»MAM 


298.1 *1 

t 

C.OOl 

1 '-.uc; 

f 

3.J . 

t 'J .oor 

U no 

i 

(J.OC’i 

t O.Vvii 

1 

0.0^' . 

. * 

20C. 

-t 

0. jf'l 

» 'i.Cv.i 

t 

0.0' • 

^ J. 0''.^ 

?A* : 

i: 

o.uoi 

^ O.r..', 

i 

i.'jf . . 

• r-.0'->.' 

2A‘jC 

t 

O.noi 

4 O.Ji'/l 


O.O.-; I 

* Cl. 00^ 

3cnc 


o.oc. 

* o.oi. : 

t 

o.n i 

» C . 30 3 

3969.96 

* 


Y 0.00 1 

* 

0 . .ir i 

» O.OrsA 


. 30'^ » A , » .’.9^0, 
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lABK^I 


HAFNIUM DlliOKlDF 


CONDKNSFI) PHASE 


B2Hf 


RM.r.nc. S.M.j. |.,r M,, , M, . . SoI.rf H( < r.,... 0* „ 

I.Kju.d Hf Ir..." ^4.,s* 4 ',ms-K. Ga.eou, lU iron, 498S- ,o 6000*K, 

Solid 11 from 0- to /.4S0*K. l,..,uid B lr„„, ^4‘,(r to 3970-K, 
Ca.aoo. 11 (r.,... l-(70- to OOOU-K, Solid Hlll^ Iroin 0* to 
K. l.iq.iwi Hfh^ fr.ur. J‘,21- fo 6000*K. 


lo K, 




1 n 


f 

1 

f 

'■’1 

0 


0.000 

0.000 

29B. 

15 

12.000 

1 1 . 068 

300 


1 2.080 

11.142 

400 


14.941 

1 5 , 065 

500 


16.365 

18.567 

600 


1 7.224 

21.612 

700 


17.816 

24.334 

000 


16.2 66 

26 . 744 

900 


18.633 

28.917 

1000 


10.949 

30.897 

1100 


19.231 

32.716 

i?oo 


19.490 

34.401 

1 300 


19.734 

35.9 71 

1 400 


19.965 

3 7.442 

1500 


20 . 1 88 

38.827 

1600 


20.404 

40.136 

1 TOO 


20.616 

4a • ibO 

1 eoo 


20.023 

42 .564 

1 900 


21 .C27 

43.695 

? 0 C 0 


21 .228 

44 . 779 

. V' ‘ ^ 


21 .294 

45 . 1 7 

.■>0^3 


21 .294 

45 , A 2 7 

2100 


21 .428 

45.820 

? 2 i '0 


21 .626 

4 6 . h 2 1 

2 \ 0( 


21 .622 

47.787 

24CC 


22 . 01 7 

4 8 • 7 ^ C 

1 


22. 1 14 

4 , i 7 5 

! 2 4 5 0 


22.1 14 

49. 1 75 

' 249*: 


2 2 . 2 0 1 

4 . 5 7 e 

1 2 4 95 


22.201 

4 9 . 5 7 b 

?5CC 


22.211 

4^.622 

? 6 : r 


22.405 

50.497 

j 27; f 


2 2 . 5 9 7 

‘ 1 . 146 

20:2 


2 2 . 7 b V 

5 , . . 7 2 

2 9 0 


22. 981 

5 2 . 9 7 

1 lOoC 


23. 1 72 

53.757 

i MOt. 


2 3 . 362 

* 4 .5 20 

' 3 2 : c 


23.553 

5 5. <165 



2 3 . 74 4 

*'5 . 992 

1 3..00 


23.932 

56. 704 

1 1 5 f. ' 

1 


24 . 1 22 

5 7 . •. 0 0 

1 1 5 2 ■» 


24 . i 

^ 5 7 . 9^ 

i < ■. r ' ** 


24.165 

V ^ . 2 3*/ 

; 1 6 c 0 


2 4 . J * • 

6 1 . 7*>H 

j 1702 


24.165 

64 .420 

3 g 


24.165 

O*' . 0 6 5 

3 90C 


24.165 

6 5 

3969 • 

'it 

24. 165 

6 6 • A 2 2 

3 969 . 

'It 

24.165 

66.122 

4 00'-' 


24.1 65 

t. 6 • 1 0 •» 

! 4 1 c 0 


24. 165 

6 6 * 5 0 J 

4?00 


24 . 1 b** 

6 7.48) 

4 300 


24.165 

68.052 

44 OO 


24.1 65 

66 .'07 

45C0 


24.165 

69.150 

4600 


2 4. 16*- 

69.681 

4700 


24.165 

70.20* 

4800 


24. * 65 

70. 710 

4900 


24.165 

71 .206 

4985 . 

40 

24.165 

71.625 

4985 • 

4^ 

24.165 

71 • 6 5 

5000 


24. 1 65 

7J .6 96 

5100 


24.165 

72-1 7 5 

5200 


24. 165 

72 - 544 

5300 


24.165 

7 «• 1 04 

5400 


24.165 

73.556 

5500 


24.165 

73.999 

5600 


24.165 

74.4 *5 

5 700 


24*165 

74-061 

5600 


24.165 

75.283 

5900 


24.1 65 

75.696 

600C 


24.165 

76.102 


Kf* 


rcMi |tf» 

■'r »‘w.^ I 

“1 «;9H 

Nny 

INF INI TC 

-1.706 

-79.691 

1 a • 0 6 b 

0.000 

-80.000 

1 1 .u6b 

C . 02 2 

-00.002 

1 1.504 

1 . 392 

-79.970 

12.638 

2 • 96 5 

-79.9 37 

1 3.88 7 

4.647 

-79.930 

1 5.19-0 

6 • 40i 

-79.948 

16.487 

8. 206 

- 79.999 

1 7.74, 

iC.05i 

-60.006 

1 b.966 

A A .9 >A 

-00.203 

20.155 

i 3.840 

-00 . >49 

2 1.254 

15.776 

-00.523 

22.326 

17.737 

-00. 721 

2 3. >54 

. 9.722 

-00.940 

<■ 4 , 34» ^ 

A 1 • 730 

-01.177 

25. /e 7 

23. 76L 

-61 .4 32 

2 6.*-,/ 

2 5.81* 

-81 . 700 

2 7.074 

2 7 .ttbJ 

-01 . 9d0 

/ 7 , y i , 

29. ,75 

- 0 * .274 

2 h . 7 5 5 

32.000 

- 02.575 

2b.9v6 

32. 790 

— 02*6 76 

28.998 

32 . 790 

-04. 326 

2 • p2 •• 

34.221 

-04.533 

3 V/ , ^ ft d 

'6.374 

-04.050 

? . .028 

38 *546 

-65. A 73 

3 1 . 7 <i 5 

40.730 

-05.499 

3 * • 0 , 6 

4 A • 84 A 

-65.644 

*<‘.096 

41.841 

-9o.9i4 

32 .408 

42.830 

-9 /.066 

32.4. b 

42.830 

-102. 325 

32.44* 

42.949 

-102. 326 

.3 > . 1 2 C 

45.100 

-.02. 397 

31.760 

47.430 

-102.447 

^ 4 , 1.22 

49. 700 

-i 02. 4 77 

'5.248 

‘-1 .980 

-.02.489 

3 5 , t, 5 b 

54.296 

-] i>.40i 

3 6 ... 5 5 

56 . 62 3 

-*.■. 454 

'6.8 5 7 

5b .968 

-*0 .409 

3 7.40 

M . 333 

-102.344 

3 7. 964 

63.717 

-102. 2bC 

t h , 5 » 9 

60.120 

102. 1 57 

3 0.63 .67 5 

- A 02 • 1 30 

30.635 

06.675 

-62.1 30 

3 > • i 6 5 

00.536 

-02.041 

*'•.058 

'>0.95 2 

-01 .925 

4 • •• V4 

9 5 . 359 

-0 i . 000 

4 A . 1 3 4 . 

'> 5 . 7 0 5 

-H ' ,692 

4 A . 69 

97,476 

-01 .609 

4 A . 6 6 

97.476 

-322. 75 ^ 

4 1 . 794 

9 0,204. 

- '22.565 

•* . . > 8 

.00.610 

-3* 1.94? 

42 . V5 4 

1 03.035 

- 32 i . 326 

4 1 . 9 " 

i r5.45i 

- 320. 70 5 

4 u , 2 . 

1 07.060 

- '.■’C.091 

4 4 ,64 > 

1 1 0.204 

-3i v.475 

4 5 . A 8 4 

i 4 . . 701 

-310.050 

4 5 , 7 C 8 

. A 5 . A 1 7 

-318.244 

4 6 . * 24 

1 A 7.534 

- >1 7.631 

46. 720 

1*9.950 

-317.021 

47.151 

12 2.014 

-316. 500 

47.151 

i 2 . 0 1 4 

♦449. 796 

4 7 . ..*; 3 

a * 2 • 36 7 

-4h9 . 7 1 9 

w 7. 70 0 

*2.4.703 

-449.205 

4 6.18 1 

1 27.200 

-448. 704 

4 ft • 64 8 

129.616 

-*.40.212 

4 • A 06 

1 32.033 

-44?. 732 

«» 9 , 5 9 4 

1 34.449 

-44 7.261 

49.995 

1 36.866 

-446. 0 O 2 

50.42 7 

1 39.282 

-446.356 

5 0 • 0 5 2 

I4l .699 

-445.91 7 

51.270 

144.115 

-445. <.92 

51.600 

146.532 

-445*076 


..O^Jiuix liiLL. 
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-79 
-79 
-7 9 
-7 9 
-7tt 


6yi 

277 

274. 

03I» 

tt06 


JSFl/^lTt 
btt. iOV 
57 .74»« 
<•3 .Idi 


-7b. 5b5 
-7d.35b 
-7b. i27 


-77 .B8b 
-77.b37 


28.6^3 
2<* .463 
2i .342 
ib .9i3 
16.9to7 


-7 7 
-77 
-7t> 
-76 
-7o 


374 

096 

dOJ 

494 

166 


i 5 . 372 
14.040 
12 .91 . 
11.94 a 
i 1 .097 


-75 

-7p 

-75 

-7i. 

-74 


827 

466 

093 

705 

292 


10.357 
9.701 
9.1 i7 
b .593 
b . 1 lb 


-74 

-74 

-73 

-73 

-72 

-72 

-7i 

-■^1 

-7l 

-7i 

-71 


153 

153 

b22 

305 

773 

224 

859 

b59 

367 

387 

323 


7.971 
7.971 
7 •6b2 
7.282 
6.9l5 
6.577 
6.410 
6 . 4 A C 
6.233 
6.253 
6 . A 3 5 


-70.064 

5.691 

-68.841 

5.572 

-67.593 

t .2 76 

-66.350 

5.000 

-65.099 

4.742 

-63.65* 

4 • 5C i 

-62 . bOb 

4.276 

-61 . 36b 

4.064 

-60. 127 

3 .065 

- 5 8 . b 0 b 

3.677 

-*’8.60 1 

.3 • 635 

— 5 b , 60 1 

3 . 6 3 5 

-58.007 

3.526 

-57.423 

3 . 392 

-56.759 

i .264 

-56. 109 

> • 144 

-55.646 

3 .063 

-55.640 

3.063 

-53. 624 

2 .9p0 


-h6. 9a3 2.5wi 
-40.205 2.092 
-3^.513 1.703 
-2 6. b4*. 1.133 

-*0.166 0. 9b0 


-1 >.546 
-6. 9 aO 
-0.291 
6. 309 
11.941 
1 1 .941 
A 3.295 


0 .6H4 

0. 32 1 
0.013 
-0.281 
-0.523 
-0.523 
- 0 . 5 8 A 


22 
3 i 
41 

50 

59 


546 
795 
020 
248 
4 74 


-0.966 
-1.336 
-1 .691 
-2 .034 
-2 . 363 


68 

77 

87 

96 

105 


674 

884 

0o9 

2b* 

448 


-2 .6oC 
-2 .986 
-3.281 
-3.566 

-3.841 



HAFNIUM DIBORIDE (HfBz) (CONDENSED PHASE) gfw = 200.14 

AHf298. 15 “ -80.0 kcal gfw* ®298. 15 - 11*068 cal deg gfw^ 

Tm=3523*K AH^ = 20. 0 kcal gfw'^ 

*^298, 15 ■ ^0 * 1*706 kcal glw*^ 

Cp= 17.632+ 1.867x10-3 T-5. 501 x 10^ cal deg K" * gfW * 

298. 15*K < T < 2813*K 


Structure 


Hexagonal type (isotypic with ZrB 2 )* Narrow range of honnogeneity. 
Heat of Formation 


Value is based on tensimetric data of Paderno et al, ^ vaporization data of 
Krupka; ^ and nitrogen equilibria of Rudy and Benesovsky. ^ 

Heat Capacity and Entropy 

L«ow- temperature data have been estimated. High-temperature data of 
Mezaki et al^ and Pears et al ^ have been recalculated. Heat-capacity equation 
has been extrapolated to melting point. Data for liquid are estimated. 

Melting and Vaporization 

Heat of fusion is estimated. 
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TAIU.K ^ 

NIOFVIUM DIBORIDK (.ONDENSEO PHASE B2Nb 

Reference State lor (.alculatln^ Solid Nb from 0 * to 2741 *K. 

Liquid Nb from 274 1 ’ to S0^2-K, C.aaeoua Nb from S032" U) 6000 ‘K, Solid tt from 0* to 2450 ’K, 
Liquid H from 2450* to 3S70"K, Gaacovia B from 3<J70* to 6000 'K. Solid NbB^ from 0* to 3273 ’K. 

I.iquid NbB2 from 327 3* to 6000 *K, 


- r.l k„<w _ 

*'1 "i 


0 

0.000 

0.000 

INF INI Tf! 

298.15 

11.500 

8.960 

8.960 

300 

11.557 

9.031 

8.960 

400 

13.797 

12.695 

9.44 5 

500 

15.207 

15.934 

10.425 

600 

16.291 

18 . B05 

11.58/ 

700 

1 7,220 

21 . 388 

12.806 

800 

10.067 

23. 743 

14.028 

90O 

10.666 

25.918 

1 5.230 

1 000 

19.635 

?7.9<.5 

16.401 

1100 

20.305 

29.852 

1 7,53fl 

1200 

21 . 1 22 

31 .657 

1 e ,640 

1 300 

71 .550 

33 . 365 

19.708 

1400 

21 .979 

34.978 

20. 7 M 

1 500 

22.407 

36.509 

21.74? 

160C 

22.835 

3 7.969 

22.71 1 

1 700 

23.263 

39 . 366 

23.65C 

1 800 

23.692 

40.708 

24,560 

1900 

24.120 

42 .OOC 

75.444 

2C0O 

24.548 

43 . 248 

26 . 304 


11, H-h>h 




1 

3M< 



-1 .630 

-41 .666 

-41.686 

INF INI tC 

0.000 

-41.900 

-41.058 

30.095 

0.021 

-41.902 

-41.055 

29.907 

1 . 300 

-41.897 

-40.771 

22.275 

2.754 

-41.890 

-40.489 

17.697 

4.331 

-41.082 

-40.212 

14.647 

6.00 7 

-41.864 

-39.934 

12.467 

7.772 

-41.835 

-39.661 

I0.e34 

9.61 9 

-41 . 79? 

-39.392 

9.565 

1 1.544 

-41 . 728 

-39.128 

8.551 

1 3.546 

-41 .639 

-38.071 

7,723 

15.621 

-41 . 524 

-38.625 

7.034 

17.755 

-41. 390 

-38.391 

6.454 

19.931 

-41.254 

-38.163 

5.957 

22.150 

-41.108 

-37.946 

5.528 

24.412 

-40.951 

-37.743 

5.155 

26.71 7 

-40.776 

-37,548 

4.827 

79.065 

-40.588 

-37.362 

4.536 

31 .456 

-40.381 

-37.190 

4.278 

33.889 

-40.153 

-37.024 

4.046 


2l00 

2<4.976 

44.456 

27.139 

2 200 

25.405 

4* ,62H 

2 7.95 3 

2 300 

25.033 

46. 767 

2b. 74 7 

2400 

26.261 

47.675 

29.521 

2450 

26.475 

40.419 

29. ^Ol 

2450 

26,475 

40,419 

29.901 

2 5 00 

26.609 

4/J . 9 56 

30.2 76 

2600 

2 7.118 

50.01 1 

3 1.015 

2700 

27.546 

51 .04? 

31.730 

274 1 

27.72? 

51 .459 

32.030 

2 741 

27.727 

51 .459 

32.030 

?eoc 

27.974 

57.052 

32.446 

2 900 

28.403 

53.041 

13.139 

300C 

28.P31 

54.011 

3 i.Hlfi 

3100 

29.259 

54.964 

34.405 

3200 

29.607 

55,099 

35.140 

3273 

>0.000 

56 . 572_ 

35.610 

3273 

30.000 

62.603 

35,610 

3 100 

30.000 

62.929 

35.033 

3400 

30.000 

63.025 

36.643 

3500 

30.000 

64.695 

37.432 


36.365 

-39.90? 

-36.077 

3.838 

38.804 

-39.629 

-36.741 

3.650 

41 .446 

-39.331 

-36.617 

3.479 

44.051 

-39.006 

-36.505 

3.324 

45. 369 

-30.033 

-36.353 

3.243 

45. 369 

-50.103 

-36.353 

3.243 

46-699 

-49.925 

-36.075 

3.154 

49.389 

-49.546 

-35.530 

2.986 

52.122 

-49.133 

-34.999 

2.833 

53.255 

-40.953 

-34.787 

2.774 

53.255 

-55.353 

-34.787 

2.774 

54.098 

-55.068 

-34.346 

2.681 

57.717 

-54.549 

-33.615 

2.533 

60.579 

-53.987 

-32.900 

2.397 

63.40 3 

<.383 

-32.203 

2.270 

6o .430 

-5 >. 7 36 

-31.535 

2.154 

68.609_ 

-52.235 

-31.057 

2.074 

“80.609 

-32.235 

-31.057 

2.074 

09.419 

-32.047 

-31.050 

2.056 

92.419 

-31 • 347 

-31.027 

1 .994 

95.419 

-30.647 

-31.029 

1 .937 


T6C0 

370C 

3B00 

390P 

3969.^6 

3 <> 69.<>6 

<.ooc 


30.000 

30.000 

30.000 

30.000 

30.000 

30.000 

30.000 


65 . 5<.0 
66.^62 
67.162 
67. <.1 
6B . 67<* 
66 .<*7<* 
66.701 


3P.7C1 
36.^51 
3V.b« 3 
<.0. 3‘J« 
60.866 
<♦ 0.388 
<.1 .07t> 


98.M 9 
101.619 
10<».**19 

107.419 
109.518 
109.518 

1 10.419 


-29.947 
-29.247 
-28.547 
-27.847 
-2'^ . 356 
260.500 
'260* I 37 


31.046 

31.089 

31.142 

31.230 

31.290 

31.286 

29.488 


1.885 
1 .836 
1.791 
1.750 
1.722 
1.722 
1.611 


4100 

4200 

4300 

4400 

4500 

4600 

4700 

4800 

4900 

5000 


30.000 

30.000 

30.000 

30.000 

30.000 

30.000 

30.000 

30.000 

30.000 

30.000 


5031.56 30.000 
5031.58 30.000 
5100 30.000 
5200 30.000 
5300 30.000 
5400 30.000 
5500 30.000 


5600 30.000 
5700 30.000 
5800 30.000 
5900 30.000 
6000 30.000 


69.441 

70.164 

70.870 

71 .560 
72.234 

4l .^78 

42.<*46 

43.090 

4 3.7''" 
44. 36 

1 1 > . 4 1 9 

I 16.419 

119.419 

122.419 

125.419 

-266.935 

-265.731 

-264.529 

-263.329 

-262.129 

-23.540 

-17,620 

-11.714 

-5.051 

-0.014 

1.255 1 

0.917 ( 

0.595 ; 

0.291 ; 

O.OOl 

72.893 
73.539 
74. I 70 
74. 789 
75.395 

44.9/6 

4 ■ . 5 7 7 
46.15b 

4 6. 7 •• 4 
47.31! 

128.419 

131.419 

1 34.419 

1 37.419 
140-419 

-260.929 
-259.731 
-258.535 
-257. 341 
-256.147 

5.793 

1 1.581 
17.346 
23.074 
28.790 

-0.275 
-0.539 ! 

-0.790 ! 

-1.029 
-1.258 1 

1 

75.504 

75.504 

75-989 

76.572 

77 . 14-^ 
77.704 
70.254 

47.408 

4 » . 40 H 
47.848 

4P,4l4 

4B.9S1 

4 9,470 
49.996 

I4l . 366 

1 4 1 . ^66 
14> .419 

146.419 

149.419 

1 52.419 

1 55.419 

-255. 771 
-418.344 
-417.570 
-416.449 
-415.333 
-414.226 
-413.125 

30.520 

30.520 

36.620 

45.522 

54.386 

63.238 

72.076 

-1.326 ! 

-1.326 j 
-1.569 1 

-1 .913 
-2.242 
-2.559 
-2.864 

70.79*^ 

79.3‘>6 

79.840 

80.360 

80.86*' 

sr.'Ot 150.*!'’ 

4 1.00/ 161 •4 1'^ 

41.49^ 164.419 

c, \ , 904 16 7.419 

42.461 I70*4l9 

-412.032 
-410.948 
-409.868 
-408.798 
-407. 734 

80.874 

89.673 

98.448 

107.205 

115.948 

-3.156 

-3.436 

-3.709 

-3.971 

-4.223 

HLS 
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NIOBIUM DIBORIDE (NbB 2 ) 


(CONDENSED PHASE) 


gfw » 114. 55 


15 * -41.9 kcal gfw* * * 8 . 96 cal degK“^gfw“^ 

Tm * 327 3* K * 20 0 kcal gf^“' 

”298 15 “ ”o kcal gCw'* 

Cp = 1 3. 004 + 6 . 9491 x 10"^T - 3. 1784 x lO^T’^ 298. 15’K < T < 1200*K 
Cp = 15. 983 + 0. 0042826 T cal deg K‘* gfw * 1200“K < T < 3273*K 

Cp = 30. 0 cal deg K ' * gfw” * 377 I* K < T ^ 6000* K 

Structure 

NbB 2 kas a hexagonal structure 
Heat of Formation 

Based on unpublished heat of combustion studies by Huber ^ 

Heat Capacity and Entropy 

Liow temperature data was obtained by Westrum^ for NbB. 97 ^- ^ minor 

correction was made to the stoichiometric composition. Data from 298. 1 5 
to 1200*K were analyzed by Shomate method using Tillevut's-^ enthalpy values 
Data above 1200*K was estimated. 


Melting and Vaporization 

Melting point was tabulated by Nowotny et al^. Heat of melting was estimated 
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NI0BIUM OineRIOr (NbB^) (CBNOfNSED PHASE) GEW * 11C.S5 

SUMMARY eiF UNCERTAINTY EST IMATES 


T.°9i 



-fhj - H 

, - M 

298.15 

itO-500 

±0.100 

±0,100 

±0.000 

1000 

i:0.500 

±0.705 

±0,354 

±0.351 

1500 

±0 * 500 

±0,908 

±0,507 

±0.601 

1500 

^2.000 

±0.908 

±0.507 

±0,601 

2000 

±2.000 

±1 .483 

±0.603 

±1.601 

3000 

±2.000 

±2.294 

±1 .094 

±3.601 

3273 

±2.000 

±2.468 

±1 .201 

±4.147 

3273 

±3.000 

±3.996 

±1.201 

±9.^4 7 

4000 

±3.000 

±4.598 

±1.766 

±11.328 

5000 

±3.000 

±5.267 

±2.402 

± 14.328 

6000 

±3.000 

±5.814 

±2.926 

±17.328 
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ta»ll 


TANTALUM OinORIDE 


C ONHENSED PHASE 


B2Ta 


Hffe rone e Stntr 
Liquid Ta from ^^70 ' 
Liquid n from 2450* 


• to ^ ^ 3270 ‘K. 

to lQ 7 n-v 6000 -K. Solid n from 0* to 24S0-K. 

to ^^70 K. Gaarous n from ^970- to 6000 ‘K. Solid TaH^ f rom 0 * to 3 3 7 3 'K . 
L^lquid TaH^ I rorn 3 473 * to 6000 'K. 


— T- ^ K'-l/gfw 

S V -^»-T - ‘^”1 « ®iKp 


c 

0.000 

0.000 

INf INI Tf 

?9B . 1 ^ 

1 1 . 600 

10.603 

10.603 

300 

1 1 .6 69 

1 0 . 6 7 <♦ 

10.603 

<♦00 

13.769 

1 <♦ . 337 
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^.00 

16.019 

1 7,663 

1 2.066 

600 

1 6.900 

20.3 73 

13.221 

700 

16.623 

22.R01 

1<# . A26 

nor 

1 7.266 

26.1/.? 

1 6.626 

fioc 

17.013 

27.206 

I 6 . 7'*9 

1000 
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2-y. 1 1 1 
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-1.666 
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INFINITE 
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7.286 

1 6C0 

20.794 
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-49.6b? 
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30.739 

4 2 . fa 1 i 

“49 . 4b0 

-43.880 

3.914 
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4 b . 2 1 3 
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-60. 730 

-43.880 
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2 ‘'0(1 

26,391 

^ h • 7 r* ^4 

3 J .0 94 
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-60.626 

-43,642 

•3.806 

?60r 

26.0^6 

4 9 , 72 8 

31.791 

46.637 
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2 700 

? 6 . 2 9 P 

60.712 

32.474 
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-42.192 

3.416 

2 0Of 
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‘1.677 

33.142 
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-41.630 

3.241 

2 900 

27.204 

62 .624 

33. 798 

64.694 

-69.672 

-<♦0.080 

3.001 

3000 

2 7 , b 6 6 

63.653 

34.441 

67.337 

-69.449 

-40.236 

2.931 

4100 

2 b . 1 0 b 

64,46b 

36.072 

bO. 126 

-69.260 

- 39,693 

^♦791 

4 200 

28 . 660 

66.367 

36.693 

62.969 

-69.002 

-30.965 

2,661 

3270 

28.076 

66.969 

36.120 

44.969 

6n. 90 7 

- 38.626 

2.676 

^2 70 

2P .0 76 

‘ ' .9HW 

36,120 

64.969 

.6.687 

- 3 H . 6 2 6 

2.6 7'^. 

3 3 or 

2 •< , 0 1 1 

66.26’ 

36. 30* 

b6.837 

- 6.624 

- 3b,2 7R 

2.636 

n 73 

29, 441 

66.891 

36.741 

67.967 

66.100 

- 3 7 . b 0 2 

2.441 

3371 

30. 000 

62.021 

36 , 74 1 

07.967 

“46,100 

- 37.682 

2.441 

3 4 0 0 

30.00(' 

6 3.060 

36 , 949 

80. 7 77 

—44.934 

- 37. 62.* 

2.410 

3 6 0: 

30.000 

63.930 

3 7. 70 7 

91.777 

-44.204 

-37.414 

r . 3 3 6 

3600 

30.000 

6- . 776 

30,448 

94.777 

-43,634 

-3 7.22 7 
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3700 

30,000 

66.697 

39.1 70 

97.777 

-42.904 

-37,067 

2.189 

3fi0C 

30.000 

66.397 

39.87b 

100.777 

-42.334 

-36.901 

2.122 

3 900 

-0.000 

67.176 

4 C . 6 6 b 

103.777 

-4 1 .684 

-36,776 

2.061 

3969.96 

10.000 

b7. 709 

4 1 .040 

106.8 76 

-4 1 . 220 

- 36.689 

2 .020 

3969 . ■'>6 

30. ^--OO 

6 7 , TO'S 

41.040 

106.876 

82.37? 

- >6.689 

2.020 

4 000 

30.000 

6 . 9 3 6 

41.241 

106.777 
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-34.024 

1 .903 

4 1 00 

30.000 

t) 6 . 6 7 6 

41.901 

109.777 

-290.872 

-28.664 

1 .626 

4200 

30.000 

69. 3 J ? 

42,64 7 
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-279. 719 

-22.619 
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4300 

40.000 

70. 1 (’6 

4 3.100 

1 16.777 

— 27B.6bb 
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0.834 

4400 

30.000 

70.796 
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118.777 
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0.613 

4600 

30.000 
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44 7 
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-2 7b.*.ob 

-4.266 

0.207 

4600 

30.000 
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4 700 
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-2 72.822 

1 3. 7*50 
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4 9.89 3 

161.777 

-264 .848 
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78 .0 30 

60.391 

.64.777 

-2b 3, 7 10 

hO. 790 

-2.372 

6 700 

30.000 

70.661 

60.860 

167.777 

-262.692 

66.582 

-2.663 

6 7 6 • 6 6 

30.00l3 

70.696 

60.91 3 

1 67.977 

- 2 6 2 • J 1 b 

b6,963 

-2.664 

6 706.66 

30.000 

78.696 

60.913 

167.9 7-^ 

-443.739 

66.963 

-2.664 

^ flOO 

30.000 

79.082 

61 . 362 

160. : 7 7 

-442.842 

76.303 

-2.837 

6 9C 0 

6000 

30.000 

7*3,696 

61,036 

163. 777 

-441 .390 

84.231 

-3,120 

30.000 

80.099 

62.303 156.777 

31 December 1963 

-440.94 3 

93.140 

-3 . 393 

HLS 
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TANTALUM DIBORIDE (TaB^) (CONDENSED PHASE) gfw » 202. 59 

^”f298. 15 ** 0 j 5 * 10.603 cal dag K“‘ g£w‘‘ 

T » 3373°K AH « 20. 0 Real gfw“ ‘ 

m m • 

H® - H° = 1.665 Real gfw"* 

298.15 0 • 

C® = 14. 212 ♦ 0. 44947 x 10"^T - 0 36017 x lO^T'^cal dag K“^gfw'' 

298 15°K ^T ♦ 3373®K 

Cp =« 30,0 cal dag K’^ gfw*' 3373°K ^T •2«6000‘^K 

Structure 

TaB^ an hexagonal atructura of the AIB^ (C32) type. It haa a wide 
homoganaity range. 

Heat of Formation 

Rough eatinnata uaad. 

Haat Capacity and Entropy 

Low-tamperatura data aatimated Sea taxt for dataila. High-tamparatura 
data by MaaaRl^ and Naal at al^ analyaad in thia work, and axtrapolatad to 
malting point. 

Malting and Vaportgation 

Haat of fuaion aatimatad 


Rafarancaa 

1. MasaRi. R. . M S. Thaaia. U. Wlac. (1961). 

2. Naal. D. S. at al. WADD TR 60-924 (1962) 


TAWTALUM OI30RIOE (TaB^) (C0NDENSCD PHitSE) 

SUMHARY 9f UR'^ERTAINTY ESTIMATLS 


GFW » ?02*b9 


T.'’K 







T 

Hj - M 

296.15 

a 

1 .000 

a 

1 .000 

a 

1.000 

a 

0.000 

1000 

a 

l.OOO 

a 

2.210 

a 

1.508 

a 

0.702 

2000 

a 

l.OOO 

a 

2.903 

a 

2.052 

a 

1.702 

2450 

± 

1 .000 

a 

3.106 

a 

.^•228 

a 

2.152 

2450 

± 

2.000 

a 

3.106 

a 

..228 

a 

2.152 

3000 

a 

2.000 

a 

3.51 J 

a 

2.42 7 

a 

3.252 

3373 

a 

2.000 

± 

3. 746 

a 

2.560 

a 

3.998 

3373 

a 

4.000 

± 

5.228 

a 

2.560 

a 

6.998 

4000 

4 

4.000 

a 

5.910 

a 

3.034 

^ 1 1.506 

5000 

4 

4.000 

a 

6.803 

a 

3.701 

*15.506 

6000 

± 

4.000 

a 

^.532 

a 

4.261 

^^9.506 




2-34 



TABLE 94 


TITANIUM DIBORIDE 


CONDENSED PHASE 


Reference Slate for Calculating \H;. A F* and Log K Solid Ti from 0* to 1950-K. 
Liquid Ti from 1950 to 3550 "K, Gaaeoua Ti from 3550* to ^r)00*K, Solid B from 0 * to 2450 *K, 
Liquid B from 2450* to 3970 "K. Gaeeoue B from 3970- to 6000 •R. 

TiB^ from 0- to 3I93-K. Liquid TiB^ from 3 I 9 3 • to 6000 •R. 


0 

298.15 

300 

aOO 

500 


0.000 

10.501 

10.579 

13.373 

14.668 

15.851 
16.592 
17.204 
1 7.741 
18.232 


c»l/'*|C j|fw ^ 

Sj -<Fj - H298)/T 

0.000 INriNlTf 
6.700 6,700 

6.765 6.700 

10.241 7.155 

13.400 8.094 

16.202 9.217 

16.704 10.397 

20.960 11.578 

23.018 12.737 

24.913 13.861 


-1 .381 
0.000 
0,020 
1.234 
2.653 


1 100 

18.692 

26-673 

14,947 

12.899 

1155 

16.936 

27.591 

15.527 

13.933 

1155 

18.936 

27.591 

15.527 

1 3.933 

1 200 

19.132 

2fl.3l0 

15.993 

14.790 

1 300 

19.557 

29.866 

1 7,001 

16.725 

1 400 

19.972 

31.331 

1 7.073 

18.701 

1500 

20.379 

32.723 

18.910 

20.719 

1600 

20.779 

34.051 

19.815 

22.777 

1 70C 

21.176 

35.322 

20.690 

24.874 

1000 

21.568 

36.544 

21 .537 

27.012 

1 900 

21.958 

37.720 

22. 358 

29.188 

1950 

22.152 

38.293 

72.760 

30.291 

. 5 0 

22.152 

36.293 

22.760 

30.291 

2000 

22.345 

38.857 

23.155 

31 .403 

2ior 

22.731 

39.956 

23.929 

33.657 

2?'<0 

23.115 

41.023 

24,682 

35.949 

2300 

23.498 

42.058 

25.41 5 

38.200 

2400 

23.880 

43.067 

26.130 

40.649 

2450 

24.070 

43.561 

26,480 

41 .848 

2450 

24.070 

43.561 

2 6 . 4 8 o 

4l .848 

2500 

24.260 

44.049 

26.827 

43.056 

2600 

24.640 

45.008 

27.508 

45.501 

2700 

25.020 

45.945 

28.173 

47.984 

2800 

25.398 

46.662 

28.824 

50.505 

2900 

25.777 

47.760 

29.462 

53.064 

3000 

26,155 

48.640 

30.087 

55.660 

3100 

26.532 

49.504 

30.6 i' 

50,295 

3193 

26.883 

50.293 

31 *258 

60.778 

3193 

25.000' 

57.1 93* 

31 .258 

02.810' 

3200 

25.Q00 

57.240 

31.315 

82.985 

3300 

25.000 

50.01 7 

32.113 

85.405 

3400 

25.000 

58.764 

32.886 

87,985 

3500 

25.000 

59.486 

33.635 

90.485 

3550 

25.000 

59,840 

33 . 999 

91.735 

3550 

25.000 

59.840 

33, 999 

91 . / 35 

3600 

25.000 

60,19? 

34, 363 

92,985 

3700 

25.000 

60.878 

35.071 

95.485 

3800 

25.000 

61 .544 

35.759 

97,985 

3900 

25.000 

6?.. 1 94 

36.428 

100.485 

3969.96 

25.000 

62.637 

36.814 

102.234 

3969.96 

25.000 

62.637 

36.814 

102.234 

4000 

25.000 

62.027 

37.080 

.02.9.9*^ 

4100 

25.000 

63.444 

37.716 

105.405 

4200 

25.000 

64.046 

3h. 

107.985 

4300 

25,000 

64.635 

38. ■ 

110.485 

4400 

25.000 

65.209 

39.531 

112.905 

4500 

25.000 

65.771 

40.108 

1 15.485 

4600 

25.000 

66.321 

40.672 

1 17.985 

4700 

25.000 

66.858 

41 .223 

120.405 

4800 

25.000 

67.385 

41,763 

122.985 

4900 

25.000 

67.900 

42.291 

125.465 

5000 

25.000 

68.405 

42.808 

I 2 7..9a5 


25.v>00 

25.000 

25.000 

25.000 

25.000 


68.900 

69.386 

69.862 

70.329 

70.788 


43.315 

43.812 

44.299 

44.776 

45.245 


L30..4e5 
1 32.905 

1 35.405 
1 37.985 

140.405 


-66.501 

-66.850 

-66.053 

-66.933 

-67.001 

-67.086 
-67.106 
-67. 303 
-67.437 
-67^ 582 

-67.735 
-67.823 
-68^773 
-60«B64 
-69.001 
-69. 159 
-69. 309 

-69.45? 

-69.564 

-69.701 

-69.8^6 

-69.051 

-73.551 

-73.568 

-73.576 
-73. 558 
-73.509 
-73.428 
-73,375 
-84.645 
-84.507 

-84.442 

-84,259 

-84.036 

-85*779 

-83.483 

-H .148 
_-52.803 
-< I .771“ 
-60. 758 
-60. 558 
-60. 358 
-60.158 

-60.058 
-162. 515 
-162.420 
-162*240 
-1^ 7.074 
-161 .922 
-161.821 
-402.965 
402. 772 

-402 • 14 
-401 .52.. 
-400.919 
-400. 327 
-399.746 

-399.1 75 
-398.617 
-398.070 
-397,534 
-397.006 

-396.489 
-395.983 
-395.484 
- 394.996 
-394.514 


- 66.501 

-65.832 

-65.828 

-65.471 

-65.096 

-64.711 

-64.306 

-63.887 

-63.452 

-63.001 

-62.536 
-62.273 
-62.273 
-62.019 
-61 a 446 
-60.858 
-60.257 

-59.652 

-59.033 

-58.410 

-57.781 

-57.465 

-57.465 

-57.048 

-56.226 

-55.401 

-54.577 

-53.753 

-53.240 

-53.240 

-52.607 

-51.331 

-50.059 

-48.793 

-47.542 

-46.297 

-45.060 

-43.924 

“-43.924” 

-43,887 

-43.364 

-42.646 

-42.332 

-42.071 

-42.071 

-40.379 

-36.995 

-33.608 

-30.237 

-27.b83 

-27.^83 

-25.026 

-15.596 

-6.173 

3.244 

12.632 

22.007 

31 . 369 
40.728 
50.073 
59.399 
68.725 

70.031 

87.330 

96.613 

105.896 

115.178 


infinite 

48.254 

47.953 

35*770 

28.452 

23.570 

20*076 

17.452 
15.407 
13*768 


5*851 1 

5.503 
5.186 
4.895 1 
4.749 I 
4.749 i 
4.599 


25.000 

25.000 

25.000 

25.000 

25.000 


45.705 142. 
46.157 145. 
46. 60 1 147 . 
47.037 150. 
47.466 152. 

15 March 1963 


142.985 
145.485 

147.985 
150.405 

152.985 


-394.042 

-393.579 

-393.121 

-392.673 

-392.231 


124.429 

133.693 

142.930 

152.176 

161.408 
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TITANIUM DIBORIDE (TIB 2 ) 


(CONDENSED PHASE) 


giw = 69. 54 


AHf 298 . 15 = Kcal gfw"' 


-1 ..,...-1 


T^ = 3193°K 


5^98 15 = 6 . 7 jt 0. 5 cal degK” gf 
Ah = Z 2 . 032 ± 50 Kcal gfw'^ 


”298. 15 '“o ° 


Cp = 14. 99 + 3. 74 X 10-3t - 4. 98 x lO^T"^ cal degK'^ gfw 
Cp = 25. 0 cal deg K'* gfw‘* (eatd. ) above T = 3193*K 


298. 15°K^ T^3193°K 
r“l 


Structure 


TIB^ 1 ® of the hexagonal, A1B2(C32) structure with a narrow homogeneity range. 


Heat of Formation 

Calorimetric value of Epel'baum and Starostina^ were chosen. It was consistent 
within about dL 3 Kcal with vaporization data and nitride equilibria. See text for details. 


Heat Capacity and Entropy 

Low temperature data were estimated. High temperature data from Kelley,^ In 
agreement with other data, were used. Sec volume 1, this report for details. Heat 
capacity above melting point was estimated. 


Melting and Heat of Sublimation 


Melting point by Post ^ 


3 


Heat of fusion estimated. 


References 


1. Epel'baum, V. A. and M. I. Starostina, Chem. Abst. 54, 23701 (I960). 

2. KeUcy, K. K. , Bur. Mines, Bull. 584 (1960). 

3. Post, B. , F. W. Glaser and D. Moskowitz, Acta. Met. 2. 20-5 (1954). 


TITANIUM OIBSRIDr (C0NOENSEO PHASE ) 

SUMMARY ^ uncertainty ESTIMATES 


GFW = 69, SA 


T."IC 


St 

-(Fj - H29i)I/T 

Hj - H2 

290.15 

A 0.300 

AO. 500 

AO. 500 

AO.OOO 

1000 

±e.650 

AO. 663 

aO.652 

a0.211 

2000 

± \ *100 

Al .556 

a0.951 

Al .211 

3000 

± 2.000 

A2.367 

Al .297 

A3.211 

3193 

± 2.000 

A7.492 

Al .365 

A34597 

3193 

± 3.000 

A4.056 

Al .365 

A8.597 

4000 

A 3.000 

A4..734 

Al.979 

A ll.OlS 

5000 

* 3.000 

A5.<i03 

A7.600 

A 14.018 

6000 

A 3.000 

A5.950 

A3. 114 

A 17.018 
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table 9S 


ZIRCONJUM diboridf: 


CONDENSED PHASE 


BzZr 

Rcfi-rmcr Stati* for f alculatnig \ H ^ V and Log Kp Solid Zr 1 rom 0 * to ^I25*K. 

Liquid Zr from /.lib* to 4644 "K. Gaaieoim Zr from 4644“ to 6000 'K, Solid B from 0* to 2450*K, 
Liquid H from 24S0* to 39;0"K. Gaapouii B f rum <970 * to 6000 "K , Solid ZrB^ from 0 * to 3313*K, 

Liquid /rB^ from < 5 I < * to 6000 'K. 




lal/ -'K g1 







r- 


£. . \ 

r- . 


•A 


T,'*K 

‘ p 

S| 

ft 7 

”t ”29§ 

AHj 


Loi »tp 

0 

0.000 

0.000 

INMNI TL' 

-1 .590 

- 72.697 

-72.697 

INFIMTC 

?9fi.lb 

11.530 

8.590 

8.590 

0.000 

-73.000 

-71.961 

52.746 

300 

11.596 

8.662 

8.590 

0.021 

-7 3.002 

-71.957 

52.418 

<.no 

14.077 

12.379 

9.000 

1 .320 

-73.008 

-71 .606 

39 . J 22 

•>00 

15.467 

1 5 .661 

10.07 / 

2-802 

- 73.037 

-71.251 

U .142 

600 

16.427 

18.590 

1 1 .259 

4 . 399 

-73.091 

-70.89? 

25.821 

700 

17.185 

21.16 1 

1 2.494 

6.08 1 

- 73. 1 62 

-70.518 

22.016 

800 

1 7.835 

23.519 

1 ^.729 

7.8 32 

-73.251 

-70.135 

19.159 

900 

18.422 

25 . 654 

14.93/ 

9.646 

-73.352 

-69.739 

16.934 

1000 

18.970 

27.624 

17 .108 

11.516 

'73.462 

-69.331 

15.152 

1100 

19.493 

29.457 

1 7.240 

13.439 

-73.577 

-68.913 

13.691 

1 1 3b 

19.671 

>0.070 

1 7.62 6 

14.124 

- 7 3 . t. 1 8 

- fi 0 . 7 64 

1 3.240 

1 1 3*. 

19.671 

30.070 

1 7.626 

14.124 

-74.533 

-60 . 764 

1 3.240 

1?00 

1 9.998 

>1.179 

18.330 

15.414 

-74 . 595 

-68. 4 J3 

1 2.463 

1 300 

20.491 

32 . 795 

1 9. 38 1 

1 7.438 

-74.675 

-67.917 

11.417 

1 <.00 

20.975 

34 . > j 1 

20.394 

19.511 

- 74 . 7 36 

-67 , 394 

10.520 

1 50U 

21.45? 

^9 . 795 

2 1.'??. 

21 .63 < 

-74.772 

-66.866 

9.742 

16CC 

21 .925 

37.194 

2 2 , 3 1 8 

2 3.802 

- /4. 783 

-66.34 1 

9,061 

1 700 

22.393 

>8.537 

23.23^ 

26.01 8 

74.765 

-65.812 

0.460 

1 800 

22.859 

>9.831 

24.119 

20.280 

-74.717 

-65.287 

7.927 

1 900 

23.322 

41.079 

24.979 

30 .589 

-74. ,6 38 

-64.767 

7.450 

?000 

23.784 

42 .287 

2 5.015 

32.945 

- 74 .524 

-64,248 

7.020 

PICO 

24 . 24 3 

43,458 

26,62 / 

35. 346 

-74.375 

-63.741 

6.633 

P\?b 

2 4 . 3 5 B 

4 i . 746 

2 6.82 7 

35.954 

- 74. 3 32 

-63.616 

6.542 

2\?b 

24, i5 8 

4> , 746 

2 6.82 7 

35.954 

-79.232 

-63,616 

6,542 

2?00 

24.702 

44.597 

2 7 . 4 1 d 

3 / . / 9 3 

-79,099 

-6^,065 

6,265 

2 300 

25.159 

45 . 705 

20,189 

40.206 

-78.888 

-62.342 

5.924 

?<.00 

25.615 

46. 76*^ 

26,94. 

4 / ,825 

-78,637 

-61 .626 

5.612 

PUbO 

25.843 

4 7, il 6 

29. 31 1 

44.112 

-78.496 

-61 . 171 

5.456 

PUbO 

2 5.643 

‘*7.316 

2 9.311 

44.112 

-89.766 

-61.171 

5.456 

2 6 00 

2 6.0 71 

4 7 , 840 

2 9.67 ; 

45.409 

-89,619 

-60.595 

5.297 

2600 

2 6 . 5 2 6 

48,872 

'•0.395 

40.039 

-89.289 

-59.438 

4.996 

27r>f^ 

2 6 .981 

‘.9.681 

> 1 .098 

50.715 

-88.913 

-58,299 

4,719 

2CO0 

27,435 

50.671 

3 I . 78 > 

51.435 

-08.493 

-57.17? 

4 . 462 

2900 

27.888 

‘1,841 

32.46^ 

56.202 

-80,026 

-56.061 

4.225 

3000 

2 H . 3 4 2 

52.795 

3 3 . 1 2 > 

59.013 

-87,515 

-54.964 

4 ,004 

3100 

28.795 

‘ j . 7 ‘ 1 

0,77 3 

61.870 

. 958 

-53,885 

3.799 

320C 

29,247 

‘ 4 , 5 1 

<4,41 1 

64 . 772 

-•«* 356 

-52.8 <0 

3.608 

3300 

29.700 

5 . ‘ 5 • ; 

35.030 

67.719 

~P‘- 709 

-51,794 

3.430 

3313 

29.758 

*^5,^76 

>5,119 

68.106 

-8. .620 

-5 1 ,650 

3.400 

3313 

29.758 

6^ .2?2~ 

3* .1 19“ 

*01.106 

-60.620 

-51 .658 

3.4ft8 

3900 

29.758 

6 ' . 994 

3*' . 048 

95.695 

-60,033 

- 5 1 . <* 3 4 

3.306 

3600 

29.758 

64.856 

36,665 

‘-8.67 1 

-59.357 

-*^1.192 

3.196 

36CC 

29,758 

f 5 , 6 9 5 

37,460 

. C 1 . 64 6 

-58.602 

0.964 

? .0^54 

3 700 

29.758 

66.510 

38.234 

104 ,622 

-58.006 

-5C ,759 

2.998 

3fl0C 

29. 758 

6 7 . -*04 

38,908 

107.598 

-5 7, 3 30 

-50.569 

2.900 

3900 

29.758 

68.077 

39.724 

1 10.574 

-56.654 

-50.403 

2.024 

3969,96 

29.758 

68 . oOb 

4C .229 

1 1 2.656 

-56.100 

-50.292 

2 . 760 

3969.96 

29.758 

f.R . 606 

40.229 

1 1 2.656 

-29'. 324 

-50.292 

2.768 

4000 

29.758 

6 8 . •* ? 0 

40.44 3 

1 1 3.550 

-296.968 

-46,420 

2.645 

4100 

29,758 

69.565 

4i , 144 

1 16.52 5 

-29 5. 791 

-42.225 

2.251 

4200 

29.758 

70.262 

41 .029 

1 19.50* 

.9*,, 61 1 

-36.053 

1 .076 

4300 

29.758 

70.982 

42.499 

1 22.4 77 

-293.433 

-29. 90 1 

1 .520 

4400 

29.758 

71 .666 

43.154 

125.453 

-292.257 

-23.790 

1.102 

4500 

29. ^58 

72.335 

4 < . , 

1 28.429 

-291 ,06i 

-17,699 

0.860 

4600 

29.758 

72.969 

44,423 

1 31 .404 

-289,906 

-1 1 .645 

0.553 

4644 • 06 

29, 75H 

73.273 

44.695 

1 32.715 

-289. 389 

-0.977 

0.422 

4644 .06 

29. 7SH 

73.273 

44,695 

132.715 

-424 .843 

-0.977 

0.422 

4700 

29. 758 

73.629 

45.037 

I 14 • 300 

-424.240 

-3.966 

0.164 

4600 

29,758 

74.255 

45,640 

1 37. 356 

-423.169 

4.962 

-6. 226 

4900 

29, 758 

74 .869 

46.230 

1 40.332 

-422. 106 

1 3.067 

“0.610 

5000 

29.758 

75,470 

46.809 

143.308 

-42 1 .047 

22.760 

-0.995 

5100 

29. 58 

76.060 

47.377 

146.283 

-419.996 

31.616 

“1 .355 

5200 

29, 750 

76.637 

47,93“ 

149.259 

-410.95 3 

40.469 

“1.701 


29.758 

77.204 

40.401 

152.235 

-4l 7.914 

49,202 

-2 .632 

VI u 

^ 4 00 

29.758 

7 7. 760 

49.018 

155.21 1 

-416.662 

50.090 

-2.351 

5500 

29.758 

78.307 

49.545 

158.187 

-415.853 

66.807 

-2.658 

5600 

29. 758 

78.843 

50.064 

161.162 

-414.833 

75.646 

-2 .952 

5700 

29.758 

79.369 

50.573 

164.138 

-41 3.819 

04,405 

-3.236 


29.758 

7'7.e8 7 

51.074 

167.114 

-412.006 

93.129 

“3.509 

j a 

5900 

29.758 

80.396 

51.567 

1 70.090 

-41 1 .802 

101.046 

-'3.772 

6000 

29.758 

80.896 

52.052 

1 73.066 

-410.802 

110.552 

-4.027 





1 5 March 1963 

- 


HLS 
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ZIRCONIUM DIBORIDE (ZrB^) 


(CONDENSED PHASE) 


gfw r 112. 86 


AH^ 29 g, 15 = -73.0 Kcal g/w 
T„ . 3313<>K 

”298. 15"”0 1-590 Kcal gfw’ 


^298. 15 * ®- 59 cal degK'^ gfw“l 
Ah^ = 25. 000 A 5. 000 Kcal g£w“l 


14.888 + 4. 50 X 10"^T - 4. 178 x lO^T"^ cal degK'l gfw"^ 


298. 15°K ^ T ^ 331 3®K 

Structura 

ZrB^ i> of Uie hexagonal AIB 2 etructure with a narrow homogeneity range. 


Heat of Formation 

The value choeen la baaed primarily on three calorimetric determlnatlona 
and la in general agreement with vaporlaation atudiea. ^ 

Heat Capacity and Entropy 

6 

L<ow temperature data ^ Weatrum and Feick. Thia data waa Joined by the 
Shomate method to Margrave' and Southern Reaearch Inatitute data. ^ 

Melting and Heat of Sublimation 

9 

Melting temperature from Glaaer and Poet. Heat of fuaion eatimated. 
Reference a 


1. Hubbard, W. , J. Margrave and E. Greenberg, private communication with 
E. Greenberg (December L962). 

2. Huber, E. J , E. L.. Head and C. £. Holley, unpubllahed work quoted by 
Leitnaker et ^ 

3. Epel'baum, V. A. and M. I. Staroatina. Bor Trudy Konf. Khlm Bora I Ego 
Soedinenii 1955, 97 publiahed (1958). 

4. Leitnaker, J. M. , M. G. Bowman and P. W. Gillea, J. Chem. Phya. 36, 

350 (1962). 

5. Goldetein, H W. and O. C Trulaon. Union Carbide Corporation Rept. 

(31 December 1962). 

6. Weatrum, E. and G. Feick, J. Chem. Eng. Data 8, 193 (1963). 

7. Margrave, J. L. , In: A. D. Little Ihird Semiannual Progreaa Rept. , Contract 
AF33(6]6)-7472 (Auguat 1962). 

8. Neel, D. S. , C. D. Peara and S. Ogleaby, Jr. , Southern Reaearch Inat. , 
WADD TR-60-924 (1960). 

9. Glaaer, F. W. and B. Poet, Txana. A. 1. M. £. 197, 11 17 (1953). 


ZmC0NlUM DIBORlOf (ZrB^) (C0MOFNSEO PHASE ) GEW - 112.06 

summary 0f uncertainty estimates 
















0 



r 0 




T.*K 


S 


% 

-(Ft 

- 

Mt - Hp98 

AM, 

AF,' 

1 0 * Kp 

298.15 

i 

0.300 

A 

0.050 

A 

0.050 

A 0.000 

A 2. 000 



1000 

A 

1.000 

A 

0.890 

A 

0.338 

A 0.561 




2000 

A 

2.000 

A 

1.879 

A 

0.849 

A 2.061 




3000 

A 

2.000 

A 

2.690 

A 

1.336 

A 4.061 




3313 

A 

2.000 

A 

2.808 

A 

1.474 

A 4.687 




3313 

A 

4.000 

A 

4.398 

A 

1.474 

A 9*687 




AOOO 

A 

4.000 

A 

5.151 

A 

2.043 

A 12.435 




5000 

A 

4.000 

A 

6.044 

A 

2.757 

A 16.435 




6000 

A 

4.000 

a 

6«773 

A 

3.368 

A20.435 





2-38 





lid Be f rom 0 * 

Refe rence 
to I556*K. 

State for CalcuIatitiK 5H!, \ I* 

Liiqtiid Be from 1556" to Z76H"K, 



^c*l/ "K ffw- 




r o 



r. 

T,®K 


s'j 'P 

T - 


0 

0.000 

0.000 

iNf INlTt 

-0.467 

298-16 

3.932 

2.262 

2^262 

0.000 

300 

3.951 

2.3' 7 

2.28 3 

0.00 7 

400 

4.7 73 

3.^65 

2.447 

0.44 7 

600 

5.260 

4.687 

2.78 7 

0.950 

600 

5.588 

5.676 

3.186 

1 .494 

700 

5.846 

6.557 

3.606 

2.066 

800 

6.072 

7, 35? 

4.025 

2»6e>2 

900 

6.287 

8.061 

4,437 

3.280 

1 000 

6.508 

0.754 

4.035 

3.919 

1 100 

h»720 

9.384 

5.21 9 

4.582 

1200 

6.938 

9.978 

5.590 

5.266 

1300 

7.1 56 

10.542 

5.94 9 

5.9 71 

1400 

7.374 

1 1 .060 

6.296 

6.697 

1500 

7.592 

1 1.596 

6.633 

7.445 

1556 

7.714 

11.877 

6.81 7 

7.874 

\ 556 

6.8/8 

‘14.139 

6.817 

1 1.394 

1600 

6.901 

14.331 

7.021 

1 1 .697 

1 700 

6.952 

14,751 

7.464 

12.390 

1 800 

7.004 

15.150 

7.880 

13.008 

1900 

7.055 

15.530 

0.273 

1 3.791 

2000 

7.107 

15.893 

8.645 

14.499 

2100 

7.158 

16.241 

9.000 

15.212 

223'' 

7.209 

16.575 

9.33/ 

15.930 

2 300 

7.261 

16.897 

9.659 

16.654 

2400 

7.312 

17.207 

9.968 

17.387 

2500 

7.364 

17.507 

10,264 

18.116 

2600 

7.415 

1 7. 796 

10.548 

18.855 

7700 

7.466 

18.077 

10.02? 

19.599 

2767.61 

7.501 

18,281 

1 1 .002 

20.100 

7767.61 

4.994 

"43.-17 

1 1 ,002 

90.277 

2800 

4.997 

4 1 , 7 5 

11.3^6 

90.437 

2900 

5.007 

43.B51 

12.493 

90.937 

3 00 0 

5.021 

44.021 

13.542 

91 .438 

3100 

5.037 

44.186 

14,528 

91.941 

3 7 00 

5.057 

44 . 346 

15,457 

92*446 

3300 

5.081 

44.502 

1 6.334 

92.943 

^400 

5.109 

44.654 

17.165 

93.452 

3500 

5.142 

4<, . eO'j 

1 7.9*.3 

93.975 

T600 

5. 1 79 

44» • 94 8 

1 0 • 700 

94.491 

3700 

5.221 

45.090 

19.<.1 2 

95*010 

3800 

5.?60 

4*' .230 

20.089 

95*535 

3 900 

5.320 

45.368 

20.736 

96*064 

4000 

5.378 

45,503 

21 . 353 

96.599 

4100 

5 • ^40 

45.637 

21 .9<.<. 

97*140 

4200 

5.500 

4S , 769 

22.510 

97,607 

4300 

5.581 

45.899 

2 3.052 

98*24? 

4400 

5.656 

46.028 

2 5.57 3 

98*804 

4500 

5. 7<,l 

46.156 

?*,.0 7 3 

99.^73 

4600 

5.828 

46.283 

24.554 

99.952 

4700 

5,919 

46.410 

25,019 

100.539 

4800 

6.014 

46 . 5^5 

2 5, <,65 

101 - 1 36 

4900 

6.113 

46.660 

25,896 

lOl*/*.? 

5000 

6.215 

46,785 

26. •»! 3 

102*358 

5100 

6.320 

<•6.909 

26 M6 

102.985 

5200 

6.428 

*•7.033 

2/.. 6 

103*622 

5300 

6.538 

47.156 

27.482 

104.271 

5400 

6.649 

47.279 

27.848 

104.930 

5500 

6.763 

47.402 

28.202 

105*601 


?8. •»<!<> 106-2P3 

fc7.6i*e 7B,B80 I06*’>76 

<.7.771 2^*?0'> 107.681 

<.7.8S1 29.670 108.398 

<»8.016 29.828 109.126 
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BEAYLUUM (Be) (REFERENCE STATE) gfw ■ 9.013 

0 *K to 1556 *K Crystal 
1556 'K to 2767.61 ‘K Liquid 
2767.61 *K to 6000 *K Ideal Monatomic Gas 


a 0 Kcal gfw"‘ 
''“*s298.15- *^8-0kcal gfw 


1 


AH" *0 kcal gfw"* 

£298.15 * 

®*298 15* <l«gK"*g£w“* 


T_ « 1556" A 3 "K 
m 

T,, • 2768* * 35 *K 

H*,o. » .467 Kc»l gfw'* 

298.15 0 “ 

C" ■ 4.322 + 2. 18 X 10"^ T cal deg K‘* 
P * 

C* ■ 6.079 + 5. 138 x lO"* T cal deg K"* 
P * 


AH - 3.520 a .080 Kcal gfw' 
m 

AH^ * 70. 169 A .870 Kcal gfw 

gfw"* 600 'K < T < 1560 "K 

gfw"* 1560 "K < T < 2200 "K 


(latter equation extrapolated to 2768*K). 

Structure 

H. C. P. to about 20" K below T . B. C. C. to T 

m m 

Heat of Formation 

Zero by definition. 

Heat Capacity and Entropy 

Heat capacities from Kantor, et al*. 

Melting 

Based on several determinations^. 

V aporization 

Based on earlier report^. 

References 

I. Kantor, P. , ^ Fiz. Met. i. Metalloved 2^, 8i5 (I960). 

2. Barriault, R. J. « Thermodynamics of Certain Refractory Com- 

pounds, ASD TR 61-260 Pt. 1 (May 1962). 


beryllium (Be) (REFCRENCf STATE! 

SUMMARY er UNCERTAINTY tSTIMATtS 


Gfw • 9.013 




ral -K 



r c 

- 


T.“K 


St -^»r-”:98>T 



298.15 


0.050 

t 0.020 

♦ 0.020 

* 0.000 

1000 

* 

0.050 

± 0.070 

^ 0.030 

* 0.040 

1556 


0.050 

i 0.100 

* 0.060 

* 0.060 

1556 


0.100 

A 0.155 

A 0.060 

^ 0.140 

2000 

A 

0.150 

± 0.185 

A o.oso 

* 0.200 

2767.61 

A 

0.300 

A 0.255 

A 0.120 

* 0. 320 

2767.61 

A 

0.001 

A 0.002 

± 0.003 

± 0.001 

3000 

A 

0.001 

± 0.007 

t 0 . 00 ^ 

» O.OOl 

40C0 

A 

0.002 

* 0.00« 

A 0.003 

* 0.00? 

5000 

A 

0.002 

0.003 

± 0.003 

6 0.004 

60 on 

A 

0.00? 

A 0.003 

A 0.004 

f 0.005 
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T AlU .E 9 7 


nERYLI.IUM 


Sulifl Hp from O 


1 ."K 


0 

?9e* 1 5 
300 

4.00 
500 

600 

700 

eoo 

900 

1000 

1 100 
1 200 
1300 
1 4.00 
1 500 

1556 
1556 
1 600 
1 700 
1000 
1 900 
.’’000 

?100 

??00 

’4.00 
?5 00 

?600 
I 7 700 
I 7767.61 
7767.61 

1 7 800 

I 7900 
i 3000 

3100 

3700 

3300 

34.00 
3500 

3600 
3700 
3 000 
3900 

4.000 

4.100 

4.700 

4300 

4400 

4500 

4600 

4700 

4000 

4900 

5000 

5100 

5200 

5300 

5400 

5500 

5600 
5 700 
5800 
5900 
6000 


IDEAL MONATOMIC GAS 


Be 


Rpferpnre State for CalrulatinK \tlj. ^ F and Lo^ Kp 
to 1556*K, Li.jiiid Mr from 1556* to 2768 ‘K, Gabcouis Me from 2 768* to 6000 ‘K 



. fml/'Kgt 



Kral/^fw 






r- 

ah', 

-A 



'‘I 

(h, 

»T - »*2«78 

Al,' 

Lo* tp 

0.000 

0.000 

INFINITE 

-1 .481 

76.986 

76.986 

INFINITE 

4.968 

32.545 

32.545 

0.000 

78.000 

68.977 

-50.559 

4 • 96B 

32.576 

32.545 

0.009 

76.002 

68.921 

-50.206 

4.960 

34.005 

32 . 740 

0.506 

78.059 

65.663 

-35.995 

4.960 

35.114 

33.100 

1.003 

78.053 

62.839 

-27.666 

4,960 

36.020 

33.520 

1.500 

70.006 

59.800 

-21 *701 

4.960 

36. 705 

33.933 

1 .996 

77.930 

56*700 

-17*724 

4.960 

37.449 

■'4,33? 

2.493 

77.831 

53*754 

-14*684 

4.960 

38.034 

34,712 

2.990 

77. 710 

50.752 

-12*324 

4.968 

30.557 

35.070 

3.48 7 

77,568 

47.765 

-10.439 

4.960 

39.031 

3 5. <.09 

3.984 

77.402 

66.791 

-8*899 

4.960 

39.46 1 

35.729 

4. 481 

77.215 

61.833 

-7*618 

4.960 

39.061 

36.032 

4.977 

77.006 

38.892 

-6*538 

4.960 

40.229 

36. 31 9 

5.4 76 

76.777 

35.968 

-5*615 

4.960 

40.57? 

36.591 

5.971 

76.526 

33.063 

-4.817 

4.960 

40.754 

36.738 

6.269 

76. 375 

31.463 

-4*416 

4.960 

*40- 754 

36. 738 

6.269 

72.855 

31.463 

-4*416 

4 . 960 

40 .89? 

35.85C 

6 . 668 

72.771 

30.276 

-4.135 

4.960 

41.194 

37.097 

6.965 

72.575 

27.624 

-3*551 

4.960 

41.478 

3 7. 32 2 

7.661 

’2 .373 

24.986 

-3.034 

4.960 

41 . 746 

37,558 

7.958 

/?. 165 

22.359 

-2*572 

4.969 

42,001 

37,77<, 

8.655 

7' , '»56 

19.742 

-2.157 

4.969 

42 . "44 

'3 7,90 1 

8.952 

71 . 760 

1 7,140 

-1 *784 

4.970 

4 2 . 4 7 

10.100 

9.66 9 

71 .519 

14.565 

-1.445 

4.97? 

4? .696 

30.371 

9.966 

71 .292 

1 1 .962 

-1.137 

4.974 

42.907 

38,556 

10.66 3 

71.061 

9.389 

-0.855 

4.977 

43.110 

38 . 734 

10.961 

70.075 

6.825 

-0*597 

4.90 2 

4 3 , 306 

38.906 

1 1 .639 

70.586 

6,269 

-0.359 

4.908 

4 1 .494 

39.073 

J 1 .937 

70.338 

1.722 

-0.139 

4 . 994 

43.617 

39.102 

12-277 

70.169 

0.000 

0.000 

4.994 ■ 

4 1.617 

59.102 

12*277 




4.997 

43.675 

39.234 

12.637 




5 . C' 0 7 

43.851 

39.390 

12.937 




5 .0? I 

44,021 

39.542 

13.438 




5.037 

44.186 

39.609 

1 3.941 




5.057 

44.346 

39,832 

14.446 




5.081 

44.50? 

39.971 

14.953 




•.109 

44,65*, 

40.106 

15.662 




5.14? 

44,803 

40.238 

15.975 




5 . 1 79 

44.948 

40. 367 

16.491 




5.221 

45.090 

40.493 

1 7.010 




5.260 

45,230 

40.616 

17,535 




5 . 3 20 

45 . 360 

40.736 

18.064 




5.370 

45.503 

40.053 

10.599 




5.440 

45.637 

4,0 . 968 

i9. 140 




5.500 

45.769 

41 .061 

19.607 




5.501 

45.899 

41.192 

20.242 




5.650 

46.028 

41 , 300 

20.004 




5.741 

46.156 

4 1 .40 7 

21.373 




5.828 

46.203 

41.511 

21 .952 




5.919 

46.410 

41.614 

22.539 




6.014 

46.535 

41.715 

23.136 




6.1 1 

46.660 

41.815 

*:3.762 




6.215 

46.705 

41.913 

24.350 




6.320 

46.909 

42.01 ' 

24.985 




6.428 

47.0. 3 

42.105 

25.622 




6.530 

47. ’56 

42.199 

26.271 




6.649 

47.279 

42.292 

26.930 




6.763 

47,402 

42. 304 

27.601 




6.8 77 

47.525 

42.475 

28.283 




6.993 

47.648 

62.565 

28.976 




7. 1 08 

47.771 

42.653 

29.681 




7.224 

47.093 

42.741 

30.398 




7. 353 

48.016 

42.028 

31 .126 





RCF 



(IDEAL. GAS) 


gfw = 9. 013 


BERYDUUM, MONATOMIC (Be) 

AHOfo = 76. 986 kcal fgw-1 AH® 29 g j 5 = 78. 000 + . 500 Real gfw 1 

Ground State Conliguration = Ig^ ^^98 15 " i ' *^*8 

H<^ 98 . 15 - H®q = 1, 481 Kcal gfw-1 

Electronic levels and multiplicities 
All levels from Moore 1 

Heat of Formation 

Based on previous report. ^ 

Heat Capacity and Entropy 

Calculated using monatomic-gas program. 

References 

1. Moore, C. , NBS Circular 467, Vol. 1 (15 June 1949). 

2. Barriault, R, J- Thermodynamics of Certain Refractory Com- 

pounds, ASD TR 61-760, Part I (May 1962) 

beryllium. MSMAT0MIC <Be) I IDEAL GAS) W ■ 9,013 

SUMMARY 0F UNCERTAINTY ESTIMATES 


T.^’K 

r n 

Sr -iFj 


^Mr ' «2‘>8 

3H, 


1 ' ± 

1 

298 - 1 S 

* 0.000 

i 0.002 

± 0.002 

± 0.000 

± 0.500 

± 0.510 

1 

± 0.370 

1000 

* 0.000 

± 0 . 00 ? 

^ 0.002 

± 0.000 

* 0.560 

± 0.530 

± 0.120 

1556 

^ o.uoo 

* 0 . 00 ? 

± 0.002 

± 0.000 

± 0.560 

± 0.580 

± 0.080 

1556 

* 0.000 

♦ o-o*«s 

± 0.00 2 

± 0.080 

± 0.660 

± 0.580 

± 0.108 

2000 

* 0.000 

* o.os? 

t 0.00 » 

± 0.080 

± 0. 700 

± 0.670 

± 0.070 

2767.61 

* 0.000 

t 0.057 

± 0 . 00 ) 

± 0.080 

± 0.8 70 

± 0.860 

± 0.070 

2767.61 

± 0.000 

t . 0.386 

± 0.003 

± 0.950 




3000 

± 0.001 

± 0.380 

t 0.00 3 

± 0 . 95 1 




AOOO 

± 0.002 

± 0.391 

± 0.00 3 

± 0.952 




5000 

* 0.002 

:t 0.391 

± 0,003 

± 0.956 




6000 

± o . no2 

± 0-391 

± O.OOA 

± 0.955 
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TABLE 98 


BERYLLIUM OXIDE LONLENSED PHASE 


BeO 


Referem c Mate for Calculating Mf J. ^ Log Solid Be from 0 • to 1S56-K, 

Liquid Be from 1SS6- to 27(.8-K. Gaaeoua Be from ihh - to 60()f)-K. Gaseoue O. 
BcO fron^O • to 2820 'K, Liquid HeO from 2820" to 4S00 ‘K, 



. 

l«1/"k nfw. 



_ *|/|,fw. 



T,"K 


*4 -<*■ 

T ■ 

**T ”?9« 

AHj' 

1 < 

1 

Log Kp 

0 

0.000 

0.000 

INF INI TE 

-0.687 

-142. 2B3 

-142.283 

infinite 

298.15 

6.105 

3.376 

3.376 

0.000 

-143.100 

-136.120 

99.774 

300 

6. 1 48 

3.414 

3.3/6 

0.011 

-143. 103 

-136.077 

99.127 

400 

6.803 

5.467 

3.64 3 

0.730 

-143.1 78 

-133.722 

73.059 

500 

9.310 

7.412 

4.204 

1 .604 

-143.1 73 

-131.355 

57.412 

600 

10.128 

9. 186 

4.089 

2.57B 

-143. 121 

-128.997 

46.985 

700 

10.714 

10.793 

5.619 

3.622 

-143.030 

-126.649 

39.540 

BOO 

11.154 

12.254 

6.359 

4.716 

-142.939 

-124.314 

33.959 

900 

1 I .498 

1 3.588 

7.009 

5.B49 

-142.831 

-121.991 

29.622 

1000 

11.776 

14.815 

7.801 

7.014 

-142.718 

-119.603 

26*155 

1 lOO 

1 2.005 

15.948 

8.491 

8.203 

-142.61 2 

-117,386 

23*321 

1200 

12.197 

17.001 

9.157 

9.41 3 

-142.510 

-115.099 

20*961 

1 300 

12.361 

17.984 

9. 798 

i0.64l 

-142.415 

-112.010 

10*965 

1400 

12.503 

18.9r 5 

10.416 

11.885 

-142. 329 

-110.546 

17.^56 

1500 

1 2.628 

19.772 

11.011 

1 3.142 

-142.256 

-100.276 

15.775 

1556 

1 2. f23 

20.235 

1 1 . 333 

13.851 

-142.221 

-107.007 

15.029 

1556 

12.723 

20.2 35 

11.333 

13.851 

-145.741 

-107.007 

15.029 

1600 

1 2.B 1 5 

20.592 

1 1 .584 

14.412 

'J 45.676 

-105.913 

14*466 

1 700 

1 3.024 

21.376 

12.137 

15. 704 

-145.519 

-103.432 

13.297 

1 BOO 

13.233 

22 . 1 26 

12.671 

17.017 

-145. 340 

-100.960 

12*258 

1 900 

1 3.442 

22.846 

13.188 

18.351 

-145.164 

-90.499 

1 1*330 

200'' 

1 3.651 

2 3.64 1 

1 '1.688 

19.706 

-144.967 

-96.040 

10.495 

2 100 

13.860 

24.212 

14.174 

21.081 

-144. 750 

-93.605 

9.741 

??00 

14.069 

24.862 

14.645 

22.478 

-144.534 

-91 .176 

9*057 , 

2300 

14.278 

26.49? 

15.103 

23.895 

-144. 300 

-80.753 

0.433 

24 00 

14.487 

26, 104 

1 5,64 9 

25.333 

-144.051 

-06.342 

7.062 , 

2500 

14.696 

26.699 

15,982 

26.792 

-143,709 

-83.940 

7.338 1 

2600 

1 4. VOS 

27.280 

16.406 

28.27? 

-143.515 

-81.555 

1 

6«B35 ' 

2700 

15.114 

2 7.846 

16.819 

29.774 

-143.225 

-79.175 

6*400 1 

2767.61 

I 5.256 

28 . 223 

17.094 

30.806 

-143. 0’3 

-77.565 

6*124 , 

2767.61 

15.256 

28.223 

1 7.094 

30.806 

-213.192 

-77.565 

6.124 

7P00 

15.323 

28.400 

1 7.223 

31.295 

-213.014 

-75.998 

5.932 ’ 

28?0 

15.365 

28 , 509 

1 7. 30 3 

31.602 

-212.902 

-75.039 

5*015 1 

2820 

1 7.000 

3 i .984 

1 7.303 

47.042 

-197.46?'' 

-75.039~ 

5.015 j 

2900 

1 7.000 

34,459 

1 7. 769 

48.402 

-196.080 

-71.551 

5*392 1 

3000 

1 7.000 

3 5.0 16 

18.335 

50.102 

-196.158 

-67.259 

4.898 1 

3100 

1 7,000 

.35 . 593 

1 6 • 8 w ^ 

51 .802 

-IV ,439 

-62.956 

4.430 j 

3200 

1 7.000 

36.133 

19.414 

53.502 

-1 72 5 

-58,694 

4.000 

3300 

17.000 

36.656 

19.928 

55.202 

-19 . .015 

-54.455 

3.606 

3 4 00 

1 7,000 

37.164 

20.428 

56,902 

-193.308 

-50.236 

3.229 1 

3500 

1 7.000 

37,656 

20.91 3 

50.602 

-192,608 

-46.038 

2.875 j 

3600 

1 7.000 

30.1 35 

21 . 384 

60. 302 

-191 .91'* 

-41.861 

2.541 1 

3700 

1 7.000 

38.601 

21 .844 

62.002 

-191 . 223 

-37.702 

2.227 ; 

3 300 

1 7.000 

39,064 

22.290 

63.702 

-190.541 

-33.561 

1 .930 

3900 

1 7,000 

39.496 

22.726 

65 • 402 

-189.864 

-29.433 

1.650 

4 00C 

17.000 

39.926 

r-i. 150 

67.102 

-189. 195 

-25.332 

1.384 

4100 

17.000 

40 . ^46 

23.565 

68.802 

-1 »*•». 534 

-21 .244 

1.132 

4200 

17.000 

40. 6 

2 3.97 0 

70.502 

-187.881 

-17.171 

0.893 

4300 

1 7.000 

41.166 

24 • 365 

72.202 

-187.2 30 

-1 3.1 15 

0.667 

4400 

1 7.000 

41 .547 

24 . 75 1 

73.902 

-106.603 

-9.072 

0.451 

4500 

1 7.000 

41 .929 

25,129 

75.60/ 

- 105.978 

-S.049 

0.245 
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BERYLLIUM OXIDE (BeO) (CONDENSED PHASE) 


gfw s 25.013 


AH*f298. 15 = 3*298.15=3.376 * .050 cal deg K* ‘gfw* * 


= 2820 'K 
m 


H *298 i 5 -H*o = 0.687 Kcal gfw' 
C*p = 17 cal deg K’*gfw"* 
Structure 


AH 


15.440 ± eSOOKcal gfw' 


2820*K < T < 4500 •K 


Solid has hexagonal (wurtsite-type) structure. 

Heat of Formation 

Cosgrove and Snyder ^ 

Heat Capacity and Entropy 

Heat capacities of solid from Victor and Douglas^ for T< 1500*K 
and from Kandyba, et al ^ for T> 1500*K. 

Melting and Vaporisation 

Based on the mass spectrometric results of Chupka. et al^ 

References 

1. Cosgrove, L.A, and P.E. Snyder, J. Am. Chem . Soc . 7^, 3102 (1953^ 

2. Victor and Douglas, NBS Report 6484 (1959). 

3. Kandyba, V. V. • et al . , Doklady Akad. Nauk SSSR 131 , 566 (I960). 

4. Chupka W.A., J. Berkowitz, and C.F. Giese, J. Chem. Phys . 30 , 

827 (1959). 


BCRYLLIOH MSNeXlOE <BeO) KSNOCNStO PhAS€ > 

SUMMARY SF UNCERTAINTY ESTIMATES 


GFW • 2S.0i3 




...1 / 


- 


Krai 'glw 



T.-K 

'“P 


-(f 

T “ 

”298’ 


- ”298 

1 


298«LS 

* 0.100 

-k 

0.030 

k 

0.030 

k 

0.000 k 4.000 

k 4.000 

k 2.930 

1000 

± 0.300 

k 

0.130 

k 

0.080 

k 

0.070 k 4.110 

A 4. 1 LO 

k 0.900 

2000 

* 0. 700 

k 

0.290 

k 

0.130 

± 

0.270 k 4.470 

* 4.460 

k 0.490 

2820 

* 1.380 

* 

0.944 

k 

0.220 

k 

0.630 k 3.300 

k 3.460 

k 0.420 

2820 

± 1 .000 

k 

0.620 

k 

0.220 

k 

1.130 k 6.000 

± 3.960 

k 0.420 

4000 

* 2.000 

k 

1.140 

k 

0.420 

k 

2.900 k 7.780 

k 6.330 

k 0.S60 
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TABLE 


BERYLI.IUM OXIDE IDEAL MOLECULAR GAS BeO 

Reference SUte for CalmUting N HJ. a F* and Log K., Solid Be from 0* to 15S6*K. 

Lic^uid Re from I S56 * to 2768 'K, Gaseous Be from 2768* to 6000 “K; Gaseous O^. Gaseous BeO. 




csI/'^K glw 



T,"IC 

* P 

4 -(F;-H^)V 

A hJ a Ff 

l og Kp 


0 

o«ooo 

0.000 

IMFINI TE 

-2.677 

29*547 

29»bh1 

INFINITE 

296. lA 

7.046 

47.209 

47.209 

0.000 

30*126 

24.631 

**17*614 

300 

7.049 

47.252 

47.209 

0.01 3 

36.119 

23.993 

-17*478 

4i00 

7.254 

49. 346 

47.488 

0.727 

30.039 

21.960 

-11*998 

500 

7.510 

50.952 

48.021 

1 .465 

29.908 

19.956 

-8*723 

600 

7.757 

52 . 344 

48.628 

2.229 

29.750 

17.980 

-6*549 

700 

7.970 

53.556 

49.248 

3.016 

29.576 

16.031 

-5*005 

BOO 

6.146 

54.632 

49.855 

3.822 

29.387 

14.168 

-3*854 

900 

8.289 

55.600 

‘0.440 

4.644 

29.184 

12.213 

-2.965 

1000 

8.406 

56.480 

51.001 

5.479 

29.967 

16*337 

-2*259 

1100 

6.504 

57.285 

51 .536 

6*324 

28.729 

8*484 

-1*685 

1 ?oo 

8.586 

58.029 

52.046 

7.179 

28.476 

6*654 

-1*212 

1 300 

8.665 

58.720 

52.534 

8.042 

28.206 

4.645 

-0*814 

uoo 

8.737 

59.364 

52.999 

8.912 

27.918 

3.658 

-0*477 

1 500 

8.810 

59.970 

53.443 

9.789 

27*611 

1*296 

-0*189 

1 556 

8.852 

60.290 

53.681 

10.284 

27.446 

6.320 

-0*045 

1 556 

8.852 

60.290 

53.681 

10.284 

'3.912 

0*320 

-0.045 

1600 

6.685 

60.541 

5^.869 

10.674 

23.806 

-0.349 

0*048 

1 700 

8.966 

61 .08? 

54.278 

11.567 

23.564 

-1.852 

0*238 

1800 

9.052 

61 .597 

54.670 

12.467 

23.322 

-3*338 

0.405 

1 900 

9.146 

62.088 

54.048 

13.377 

23.062 

-4.813 

0.554 

?0'‘'' 

9.246 

62.560 

55.41 2 

14,297 

22.844 

-6.276 

0*686 

2100 

9.353 

63.014 

55.763 

15.227 

22.608 

-7.722 

0*804 

2200 

9.465 

63.451 

56.103 

16.167 

22. 375 

-9.163 

0*910 

2300 

9.582 

63.875 

56.431 

17.120 

22.145 

-10.588 

1 *006 

2400 

9.703 

64.285 

56.750 

18.084 

21.920 

-12,005 

1 *093 

2500 

9.827 

64.684 

57.060 

19.061 

21.700 

-13.415 

1.173 

2600 

9.951 

65.072 

57. 360 

20.049 

21.482 

-14.816 

1 *245 

270C 

10.076 

65,450 

57.653 

21 .051 

21.272 

-16,267 

1*312 

2767.61 

10.159 

65.700 

57.847 

21 .737 

21.128 

-17.149 

1*354 

2767.61 

10.159 

65.700 

57.947 

21.737 

-49,041 

-17.149 

1*354 

2800 

10.199 

65.818 

57.938 

22.065 

-49.025 

-16.780 

1.310 

2900 

10.320 

66.179 

58.216 

23.091 

-48.971 

-15.627 

1*178 

3000 

10.437 

66.530 

58.488 

24.128 

-48.912 

-14.478 

1.055 

3100 

10.551 

66.875 

58. 753 

25.178 

-48.843 

-13.333 

0*940 

3200 

10.659 

67,212 

59.012 

26.239 

— ■» b , 7 6 8 

-12.187 

0*832 

3300 

10.763 

67.541 

59.266 

27.310 

-4«i > '87 

-11.051 

0*732 

3400 

10.861 

67.few4 

59.514 

28.391 

-48 ‘99 

-9.908 

0*637 

3500 

10.953 

68,1^1 

59.757 

29.482 

-48.^08 

-8,772 

0*548 

3600 

11.038 

68,491 

59.996 

30.582 

-48.413 

— 7 . 644 

0.464 

3700 

11.118 

68,794 

60.229 

31.690 

-48.315 

-6,506 

0.384 

3600 

11.191 

69.09? 

60.459 

32.806 

-48.217 

-5.383 

0.310 

3900 

1 1.256 

69.384 

60.684 

33.929 

-48.117 

-4.255 

0*238 

4000 

11.319 

69.670 

60.906 

35.058 

-48.019 

-3.136 

0*171 

4100 

1 1.374 

69.950 

61 .123 

36.193 

-47.923 

-2.012 

0.107 

4200 

1 1.423 

70.226 

61 .337 

37.333 

-47.030 

-0.893 

0.046 

4300 

1 1.467 

70,495 

61 .54 7 

38.478 

-4''. 742 

0.222 

-0.011 

4400 

1 1.506 

70.760 

61.754 

39.628 

-47,657 

1.335 

-0*066 

4500 

1 1.540 

71 ,019 

61,957 

40.780 

-47.580 

2.445 

-0.1 19 

4600 

1 1.570 

71.274 

62.157 

41 .937 

.*7.510 

3.555 

-0*169 

4700 

1 1.595 

71 .52'^ 

62.354 

43.096 

-47.449 

4.670 

-0*217 

4600 

11.617 

71.768 

62.548 

44.257 

-47,398 

5.770 

-0*263 

4900 

1 1 .636 

72.008 

62.73 

45.421 

-47. 357 

6.874 

-0.307 

5000 

11.649 

72.244 

62.927 

46.586 

-47.328 

7.985 

-0*349 

5100 

1 1 .661 

72.476 

63.113 

47.752 

-47.314 

9.068 

-0.389 

5 200 

11.669 

72.703 

63.295 

48.920 

-47.313 

10.199 

-0.429 

5 300 

11.676 

72.926 

63.475 

50.088 

-47.331 

11*300 

-0*466 

5400 

1 1.680 

73.145 

63.653 

51.257 

-47.364 

12.403 

-0*502 

5500 

1 1 .662 

73,360 

63.828 

52.427 

-47*418 

13*505 

-0*537 

5600 

1 1 .682 

73.572 

64.001 

53.597 

-47.493 

14*614 

-0*570 

5700 

1 1 • 6 

73.779 

64.171 

54.766 

-47.594 

15.722 

-0*603 

5600 

1 1 • 6 •' 

73.983 

64.339 

55.936 

-47.720 

16.638 

-0.634 

5900 

1 1 .674 

74.184 

64.505 

57.105 

-47.879 

17.942 

-0*665 

6000 

11 .6 70 

74.381 

64.669 

58.274 

-48.071 

19*062 

-0*694 
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BERYLLIUM OXIDE (BeO) (IDEAL MOLECULAR GAS) 


gfw = 2S.013 


AH*£o = 29.547 Kcal gfw'* 


AH*jf 298 .i 5 = 30.120 ± 3. 000 Kcalgfw"* 


Ground Stat« Configuration a ®*298 IS*' '*'^•209 cal deg K"*g£w“* 

Heat of Formation 

Derived from data of Chupka et al^ . 

Heat Capacity and Entropy 

Calculated using diatomic gas program. Spectroscopic constants were from 
Herzberg. ^ Stretching constants, values, not given by Herzberg were 
estimated with Dunham^ equations. 

References 
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TABU 100 


BERYLLIUM CARBIDE CONDENSED PHASE 


B62C 


R«f«r«nc« Sut« for c»lculftting . and Log K.: Solid Bm from 0* to 1556*K. 

Liquid Ba from 1SS6* to Z767*K, Gaaeoua Bo from 2767* to 6000* K; 

Solid C; Solid Be 2 C from 0* to 2400* K, Liquid B 02 C from 
2400* to 3S00-K. 


T. It 


f«l/TC |f 

^ 


— Keml/gim 

AHf 

AFT ^ 


0 

290.15 

10.340 

4.000 

4.000 

0.000 

>23.800 

-23.227 

17.025 

300 

10.350 

4.064 

4.000 

0.019 

-23.799 

-23.222 

16.917 

400 

10.860 

7.111 

4.412 

1.080 

-23.864 

-23.027 

12.581 

500 

11.371 

9.590 

5.207 

2.191 

-24.078 

-22.793 

9.963 

600 

11.862 

11.70a 

6.118 

3.354 

-24.381 

-22.512 

8.200 

700 

12.392 

13.578 

7.053 

4.568 

-24.736 

-22.172 

6.922 

SOO 

12.903 

15.266 

7.976 

5.832 

-25.123 

-21.782 

5.950 

900 

13.413 

16.815 

8.873 

7.148 

-25.530 

-21.337 

5.181 

1000 

13.924 

18.255 

9.740 

8.515 

-25.947 

-20.850 

4.557 

1100 

14.435 

19.606 

10.576 

9.933 

-26.378 

-20.322 

4.037 

I 2 OO 

14.945 

20.884 

11.382 

11.402 

-26.813 

-19.755 

3.598 

1300 

15.456 

22.100 

12.160 

12.922 

-27.252 

-19.150 

3.219 

1400 

15.966 

23.264 

12.912 

14.493 

-27.689 

-18.511 

2.890 

1500 

16.477 

24.383 

13.640 

16.115 

-28.127 

-17.839 

2.599 

1556 

16.763 

24.992 

14.037 

17.046 

28.372 

-17.448 

2.451 

1556 

16.763 

24.992 

14.037 

17.046 

-35.412 

-17.448 

2.451 

I 6 OO 

16.988 

25.463 

14.345 

17.788 

-35.528 

-16.939 

2.314 

1700 

17.498 

26.508 

15.030 

19.513 

-35.763 

-15.768 

2.027 

1800 

18.009 

27.523 

15.696 

21.288 

-35.963 

-14.586 

1.771 

liJO 

18.519 

28.510 

16.345 

23.114 

-36.125 

-13.394 

1.541 

2000 

19.030 

29.473 

16.977 

24.992 

-36.248 

-12.194 

1.332 

2100 

19.541 

30.414 

17.595 

26.920 

-36.333 

-10.984 

1.143 

2200 

20.051 

31.335 

18.198 

28.900 

-36.380 

- 9.773 

0.971 

2300 

20.562 

32.237 

18.789 

30.931 

-36.389 

-8.565 

0.814 

2400 

21.072 

33.123 

19.368 33.012 

-36.369 -7.350 

0.669 

2400 

21.072 

40.623 

""19.368 '51.012 

-18.369 

-7.350 

^0.669 

2500 

21.072 

41 .483 

20.235 

53.120 

-18.315 

-6.890 

0.602 

2600 

21.072 

42.310 

21.069 

55.227 

-18.285 

-6.437 

0.541 

2700 

21.072 

43.105 

21.870 

57.334 

-18.266 

-5.980 

0.484 

2767.61 

21.072 

43.626 

22.395 

58.759 

-18.265 

-5.669 

0.448 

2767.61 

21.072 

43.626 

22.395 

58.759 

-158.603 

-5.669 

0.448 

2800 

21.072 

43.871 

22.642 

59.441 

-158.436 

-3.900 

0.304 

2900 

21,072 

44.611 

23.387 

61.548 

-157.933 

1.610 

-0.121 

3000 

21 .072 

45.325 

24.107 

63.656 

-157.432 

7.106 

-0.518 

3100 

21 .072 

46.016 

24.602 

65.763 

-15n.737 

12.585 

-0.887 

3200 

21.072 

46.685 

25.476 

67.870 

-15t .%48 

18.043 

-1.232 

3300 

21 .072 

47.334 

26.128 

69.977 

-155.945 

23*482 

-1.555 

3400 

21.072 

47.963 

26.761 

72.084 

-155.467 

28.917 

-1 .859 

3500 

21 .072 

48.573 

27.376 

74.192 

> .55.018 

34.335 

-2.144 
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BERYLLIUM CARBIDE (Be 2 C) 


(CONDENSED PHASE) 


gfw = 30.037 


AHf 29 g, 15 = -23.8 ± 1.8 kcal gfw“^ 

Tm = 2400 “K 

Cp = 8.8I8+5.106xl0'3TcaldegK-lgfw-i 
Cp = 21.072 cal deg K’* gfw* ^ 

Structure 


^298, 1 . 0 caldeg K" ^ gfw* 

= 18.0 kcal gfw*^ 

298. 15*K < T < 2400*K 
2400'*K < T < 3500*K 


Face-centered-cubic Cl-type: a= 4.33 kX. 

Heat of Formation 

Third Law calculation of Pollock's^ data yields -23.8 ± 1.8 kcal gfw"^. 
Heat Capacity and Entropy 

The heat-capacity equation of Neely et al^ has been extrapolated to 2400 ®K. 
A constant heat capacity of 21. 072 cal degK^ gfw"^ has been used to 3500®K. An 
entropy value of 4.0 ± 1 is based on Krikorian's^ estimate of AF 293 and ^298- 

Melting and Vaporization 

The melting point of 2400 ± 30 *K is based upon the Brewer et al^ value of 
2373 ®K and Gaev’s* reported decomposition at 2423 ’K. 
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BERYLUUM CARBIDE (Be^C) ^CSHOCNSeO PmASL ) 

&UWHARY if UNCERTA iNTY 


- 30*0i7 


. "K 

r 


296*13 


0*773 

300 


0*832 

1000 


1*066 

1300 


1*233 

2000 


1.627 

2600 


1*360 

2600 


3*000 

2300 


3*000 

3000 


3*000 

3300 


3*000 


c.l,"TC gf 

% — 



(F\- 


± 1*000 

±. 

1.000 

± 1.619 

±. 

1.091 

± 2*069 

A 

1*630 

± 2*326 

A 

1.72 3 

* 2.910 

A 

1.973 

A 3.186 

A 

2.132 

A 6.686 

A 

2.132 

A 6.806 

A 

2.236 

A 3*333 

A 

2*726 

A 3*613 

A 

3*137 





A 0«000 ± 1,800 

± 0«16A 
t 0*636 
A 1*206 
± 1*676 
A 2*673 
± 6*073 
« 6*373 
* 7.673 
6 9.373 
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TABLE lul 


DIMERIC BERYLLIUM OXIDE IDEAL MOLECULAR CAS 06202 


Referencr Stale for Calculating Mi;. \ F * and Log Kp Solid Be from 0* to 1SS#>*K. 
Liquid Be from I SSf? * to fja aeouw B e from 2768* to 6000 “K . Caa eoua O^. Caaeoua 




cal/' K «f 






T,"K 



(Ft 

r- 0-- 

“t “ “?98 



Lo* Kp 

0 

0.000 

0.000 

INFINITE 

-3.000 

-101 .691 

-101.691 

INFINITE 

298.1^ 

10.831 

50.562 

56.562 

0.000 

-101,700 

-103.188 

75.635 

300 

10.666 

58.629 

58.562 

0.020 

-101.707 

-103.197 

75.175 

400 

1 2.712 

62.012 

59.011 

1 .200 

-102.117 

-103.633 

56.620 

500 

14.265 

65.022 

59.910 

2.552 

“102. 502 

-103.965 

45.441 

600 

15.461 

67 . 714 

60.990 

4.041 

-102.857 

-104.225 

37.962 

700 

16. 156 

70.188 

62.139 

5.634 

“103.185 

-104.428 

32.602 

800 

17.026 

72.410 

61.286 

7.305 

“103.504 

-104.584 

28.570 

900 

1 7.533 

74.454 

64,416 

9.034 

“103.825 

-104,690 

25.423 

1000 

17.922 

76.321 

65.514 

10.806 

“104.157 

-104.777 

22.898 

1100 

18.225 

76.046 

66.576 

12.616 

-104.514 

-104.825 

20«826 

1 200 

18.464 

79.64? 

67.599 

14.451 

-104.895 

-104.839 

19.093 

1 300 

18.657 

61.128 

68.584 

16. 307 

“105.306 

-104.821 

17.621 

1400 

18.813 

e?.516 

69.510 

18.181 

“105.748 

“104.769 

16.354 

1 500 

18.942 

81.819 

70.419 

20.069 

-106.226 

-104.679 

15.251 

1 556 

1 9.001 

84.511 

70,932 

21.132 

-106.512 

-104.613 

14.693 

1556 

1 9.001 

84.511 

70.932 

21.132 

“113.580 

-104.613 

14.693 

1 600 

19.048 

05.046 

71.314 

21 .969 

-113.735 

-104.361 

14.254 

1 700 

19.1 in 

86.201 

72.1*6 

23.878 

“M .095 

-103.764 

13.339 

1 800 

19.214 

8 7.299 

72.967 

25.796 

-1 14.462 

-103.147 

12.523 

1 900 

19.279 

88.319 

73.749 

27. 721 

-114.817 

-102.509 

11.791 

2000 

19.135 

89.3 30 

74.504 

29.652 

-1 1 5.222 

-101.852 

11.129 

2lCv 

19.181 

90.271. 

75.212 

31 .586 

-115.618 

-101.169 

10.528 ! 

2200 

19.426 

91.177 

75.937 

33.528 

-1 16.025 

-100.472 

9.981 

2 300 

19.461 

92.041 

76.61 8 

15.473 

-1 16.444 

-99.757 

9.479 

2400 

1 9.495 

92.070 

77,278 

37.421 

-116.074 

-99.019 

9.016 • 

250O 

19.524 

91.667 

77.910 

39.372 

-117.319 

-98.268 

8.590 ' 

2600 

1 9.560 

94.433 

78,539 

41 . 325 

-117,776 

-97.498 

8.195 i 

2700 

19.571 

95 . 1 M 

79,141 

43.28? 

“118.245 

-96.710 

7.828 1 

2767.61 

1 ^ . 6 fl 7 

96.6*7 

79.540 

44.613 

-218.572 

-96. 164 

7.592 ! 

2767.6] 

1 9 . 5 fl 7 

95.667 

79,540 

44.613 

-258.80? 

-96. 164 

7.592 1 

2800 

19.694 

95.884 

79,72b 

45.240 

-258.877 

-94.280 

7.359 1 

290C 

19.612 

96.572 

60,295 

47.200 

-258.865 

-86.401 

6.662 

1000 

19.629 

97,217 

RO . 849 

49.163 

-258.856 

-92.518 

6.011 

j 

1100 

19.644 

97,881 

a 1 , 108 

51 .126 

-250.856 

-76.637 

5,403 

1200 

19.668 

98 4 6C6 

81.911 

<i3.09l 

-258.863 

-70.762 

4.833 

3300 

19.671 

99.110 

82.425 

55.058 

-25P .875 

-64,089 

4.297 

1400 

19.682 

9 , 6 9 7 

82,925 

57.026 

-'..o . *^95 

-59.0 10 

3.793 

1500 

19.691 

100.260 

01.412 

58.994 

-25» . 77 

-53.123 

3.317 ] 

I 

3600 

19.702 

100.821 

81.080 

60.964 

-258. ^»67 

-47,250 

2.868 ; 

3700 

1 9 . M 1 

1 Cl • ’6 1 

84 . i*> 3 

62.915 

-259.015 

-41 .364 


18 00 

1 9. 720 

ICI .888 

84,000 

64.907 

- ’59.078 

-35.465 

2.041 1 

1900 

19. 727 

02,401 

8 * . 2 5 2 

66.879 

-259, 153 

-29.593 

1.656 : 

400C 

1 9, 7 14 

1C 2. 900 

65,68 7 

68.852 

-259.242 

-2 1.708 

1 .295 1 

j 

4100 

1 9. 71. 1 

1 01 . 18^ 

86.113 

70.026 

-259. 346 

-17.818 

0.950 ' 

4200 

19.747 

1 01.864 

8 6 . 0 

72.800 

-259.466 

-1 1.921 

0.620 1 

41010 

19. 761 

1 04 . 128 

R6.919 

74. 7 75 

-259,604 

-6.029 

0.306 , 

44 CC 

19. 768 

1 04 . 78 2 

07.319 

76, 751 

-259.760 

-0.126 

0.006 1 

4500 

19.761 

105.227 

H 7 . 7 1 2 

70.727 

-259,911 

5.769 

-0.280 j 

4600 

19. 768 

1 05 .66 i 

08.117 

80 . 704 

-260. 1 30 

1 1.676 

-0.555 ! 

4700 

19.77. 

1 06 .086 

88.494 

0 ^ .68 1 

-260. 348 

1 7.605 

-0*819 

4800 

19.776 

106.603 

88 , 065 

84.650 

-.r60.59: 

23.513 

-1 .071 

4 900 

19.780 

106.910 

89. 229 

86.636 

-260.859 

29. <,34 

-1.313 

5000 

1 9. 7P4 

107. lie 

89, SP 7 

80.614 

-261 . 154 

35,365 

-1 .546 

5100 

19.787 

107.702 

09,938 

90.593 

-261 .4 79 

41 , 304 

-1.770 I 

5200 

5 300 

19.790 

108.086 

90,204 

92.572 

-261.834 

46.313 

-1,946 

19.791 

1 C 0 . 4 6 3 

90,62 1 

94.551 

-262.226 

53.187 

-2.193 

54C0 

19.796 

108.811 

90.9‘.7 

96.531 

-262.652 

59,150 

-2.394 

5500 

1 9. 7^19 

109.1 96 

91 . 285 

90.610 

-263.1 20 

65,115 

-2.587 

560C 

1 9.002 

109.551 

9 1 .600 

1 00.491 

-263.610 

71,068 

-2.774 

5700 

5800 

5900 

1 9 . 804 

109.904 

91 .976 

102.471 

-264.1 88 

77,075 

-2.955 

19.806 

no. --.6 

92.219 

lOw.451 

-264.002 

8 1.076 

“3.130 

1 9, P ' 

11 0 . - " 7 

92.547 

106.432 

-265.476 

89,077 

-3.299 

6000 

19.8i ; 

1 10.920 


106.41 1 

-266.216 

95.106 

- 1.464 
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DIMERIC BERYLLIUM OXIDE (Be^O^) (IDEAL MOLECULAR GAS) gfw= 50.026 
AH* jQ = -101.691 Kcalgfw'* '^”*£298 8^'^’ * 

Point Group = planar S* = 58.562 cal deg K" * glw'* 

Z9“ . 1 5 

»‘298.15-»‘o = '*°°°‘'""' 

Bond lengths and angles; 

Be-O distance = 1.63 A 
Heat of Formation 

Third law calculations of the data of Chupka. et al ^ were made. 

Heat Capacity and Entropy 

Values of Cp*, S^*, and H-H*^^ given by Hildenbrand^ were used. 

References 

1. Chupka, W. .etaJjJ. Chem . Phys. 30^, 827 (1959). 

2. Hlldenbrand, D.L.., Aeronutronic Publ. No. C-623, Contract NOrd 17980 
(Sept. 1959). 
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TABLE lOj. 


bekyli.ium nitride condensed phase 


Be3N2 


R«fercnc«» Slate for ( alculatinf{ and LogKp Solid Be frorr 0“ to I556*K, 

Lu^uid Be from 1556* to 2767 “K, C/aaeoiiu Be from 2 767“ Uj 6000 *K, rjaaeoua N^, 
Solid Be 3 N^ from 0 * to 2470 "K. l.iquid BC 3 N 2 from 2470“ to 1500 “K. 



rr -- 

1 K >if» 



_ K ( jl ffw. - 



I , "K 

* V 

s, ,1 


"l - 

M., 


>."P Kp 

0 

298. 1 S 

16.496 

12.000 

17.000 

0.000 

-1 32.000 

-119.890 

87 .878 

300 

16.580 

12.10? 

12.000 

0.031 

-1 32.003 

-119.814 

87*280 

400 

19.875 

1 /.362 

17.695 

1.967 

-132.1 84 

-115.724 

63.225 

500 

21.864 

22.020 

14.104 

3.958 

-132.305 

-111.591 

46 .774 

600 

23.477 

26.155 

15.7/4 

6.228 

-1 32. 380 

-107.443 

39.134 

700 

24.849 

79.879 

I 7.528 

8.646 

-132.405 

-103.284 

32.245 

800 

76.104 

33.760 

19.287 

11.194 

-132.388 

-99.126 

27.079 

900 

27.291 

36.424 

21.019 

1 3.864 

-132.332 

-94.967 

23.060 

1 OOO 

78.435 

39 . 35H 

72. /O 7 

16.651 

-1 32.236 

-90.822 

19.848 

1 100 

29.552 

47. 121 

24. 348 

19.550 

-132.114 

-86.691 

17.223 

1 ?00 

30.650 

44 . 740 

75.939 

22.561 

-131.956 

-82.572 

15.038 

1 300 

31.734 

47.736 

77.482 

25.680 

-131.763 

-78.466 

13.191 

1 400 

37.609 

49.627 

28.979 

28.907 

-131.535 

-74.376 

II.6IO 

1 SOC 

33.877 

51.92 7 

3C.433 

32.242 

-1 31.273 

-70.300 

10.242 

1556 

34.477 

53.180 

31 .229 

34.155 

-121.115 

-68.028 

9.554 

1556 

34.469 

5 3 . 1 HO 

31 .229 

34.155 

-1 4i .675 

-68.028 

9.554 

1600 

34 .936 

54.147 

3 1 .846 

35.682 

- 4l .425 

-65.945 

9.007 

1 700 

35.994 

•6.297 

33*221 

39.229 

-140. 799 

-61.245 

7.873 

1 BuO 

37.049 

58.364 

34.561 

42.881 

-140.090 

-56.584 

6.870 

1 1 900 

lOl 

60.415 

35.869 

46.638 

-1 39.295 

-51.966 

5.977 


39.151 

62.396 

37.146 

50.501 

-138.414 

-47.392 

5.179 

! 2100 

40.199 

64 . 3 17 

36. 395 

54.466 

-1 37.447 

-42.856 

4.460 

1 2 200 

4 1 .246 

6 6.226 

39.617 

58.541 

-1 36.393 

-38.374 

3.812 

■ 2 300 

4 2 . 2 9 1 

66.083 

40.814 

62. /I 7 

-1 35.258 

-33.942 

3.225 

2400 

43. 336 

69.905 

4 1 .989 

66.999 

-134.046 

-29.560 

2.692 

2470 

44.067 

71.161 

42.798 

70.058 

-133.129 

-26.537 

2.348 

2470 

44.067 

83.661 

'47.790 

100.933 

-102.254' 

-26.537 

2.348 

2500 

44.067 

84.193 

43.291 

102.255 

-101.851 

-25.605 

2.238 

2600 

44.067 

PS. 921 

44.898 

106.662 

-100.637 

-22.583 

1.896 

2 7<'0 

44.06 7 

07.564 

46.448 

111.068 

-99.242 

-19.610 

1 .587 

2 76 7# 61 

44.067 

86.674 

47.466 

114.048 

-98. 383 

-17.627 

1.392 

2767.61 

44.067 

P8 . 674 

4 7.466 

114.048 

-308.890 

-17.627 

1.392 

2000 

44.06/ 

89.18/ 

4 7,946 

1 15.475 

-308.229 

-14.249 

1.112 

2 900 

44.06? 

90. /3 3 

49, ^95 

119.08? 

-306.205 

-3.782 

0.285 

lAOO 

44.067 

92 .227 

50.798 

124.288 

-304.186 

6.618 

-0.482 

31C0 

44.06/ 

9 3.677 

f 2.150 

128.695 

-3^'. .17? 

lb. 946 

-1 .195 

3?00 

44.067 

95.0/1 

53.47/ 

133. 102 

-30^. 169 

27.206 

-1 .858 

3300 

44.067 

96.427 

54.758 

1 37.509 

-?9l *41 

37.398 

-2.477 

3^00 

44.067 

97 . /4 3 

56.00 1 

141.915 

“296.152 

47,540 

-3.056 

3 500 

44.05/ 

99 .0 20 

57.2-4 

1 46.322 

-294. 205 

57.626 

-3.598 
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BERYLLIUM NITRIDE <Be3N2) 


(CONDENSED PHASE) 


gfw m 55. 055 


^^l298. I 5 ■- 1 32 A 3 kcal gfw * ^^98. 15 " ‘2 ^ 2 cal dag’* gfw’* 

■ 2470*K AH^ • 30. 875 * 3. 7 kcal gfw'* 

Cp ■ 18. 510 ♦ 10. 377 X 10”^ T -45. 390 x 10^^ cal dag K-1 gfW* 

298*K < T < 2470*K 

Cp « 44. 06 cal dag K"! gfw* 2470*K < T < 3500*K 

Structure 

Body cantered anti-Mn 203 (D5) etructure; a«8. I3± 0. lOkX. 

Heat of Formation 

Value obtained from NBS Report 6645* baaed on Neumann ^ direct 

nitriding. 


Heat Capacity and Entropy 

Low^temperaturc data waa eatimated by Kelley. High-temperature data 
of Sato and Kelley waa recalculated and extrapolated. Liquid heat capacity 
aaaumed equal to that of aoltd at m. p. and conatant to 3500* K. 

Melting and Vapor iaati on 

Melting point aaaumed at 2470* K baaed on Brewer^ 

Referencea 


1. Beckett, C. W, , ^ Prelim, Report. Selected Light Element Compda . 
NBSR 6645 (1960). 

2. Neumann, B. , C. Kroger, tt H. Haebler, Z Anorg, U Allgem Chim, 
204,81 (1932). 

3. Kelley, K. K.. Bur of Minea Bulletin 407 (1937). 

4. Sato. S.. Sci Papera Inat. Phya.Chem. Reacarch (Tokyo) 34,888 (1938). 

5. Kelley, K. K., U. S. Bureau of Mtnea Report 584 (I960). 

6 Brewer, L. . L. Bromley, P. Gtllea, A N. Lofgren. , The Chcm A Met 
of MiaccUaneoua Materiala. , McGraw-Hill (1950). 


beryllium nitride (BejN^I <C0NOENSED PHASE) GEW • 55.05^ 

SUMMARY UNCERTAINTY ESTIMATES 




rm\/ ''K gi 

— 


T, “K 

s 



T Mj - 

298.15 

40.826 

4 2.000 

4 2.000 

40.000 

500 

4l .094 

4 2.501 

4 2.105 

40.198 

1000 

41.421 

4 1.366 

4 2.535 

40*832 

1500 

41.691 

4 3.996 

4 2.922 

41.612 

1556 

41.723 

44,059 

4 2.961 

41.707 

1556 


44.059 

4 2.961 

41.707 

2000 

43.132 

44,796 

4 3,289 

43.015 

2470 

43.525 

45.497 

4 3.643 

44.580 

2470 

45.000 

46.995 

4 3.643 

48.280 

2500 

45.000 

4 7.056 

4 3.684 

48.430 

3000 

45.000 

4 7.967 

4 4. 324 

4 10.930 

3500 

45.000 

48.738 

4 4.901 

4 13.430 
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IfIMfc'.MIC HKKYl.lJUM OXIDL 


Ki le I 
I iqnui |W 


T . "K 


0 

?98. 1 
■iOO 
4.00 
•,00 

600 

700 

flOO 

900 

1 ooc 

1 100 
1 ?oo 
1 ^00 
1 400 
1500 

1556 
1556 
1 600 
1 700 
1 BOO 

1 900 
2000 

I 2ir 
} 2200 

2 300 
2400 

j 2 500 

1 2600 
2 70C 

! 2767.61 

I 2 76 ^.61 
2800 
2900 
1000 

3100 

3200 

3300 

3400 

1500 

3600 

3700 

3fl00 

1900 

4000 

4100 

4200 

4300 

4400 

4500 

4600 
4700 
4 8 00 
4900 
5000 

5100 

5200 

5300 

5400 

550C 

5600 

5700 

5000 

5900 

6000 


1 AMI.I;: 101 

IfJKAI. r,AS 


60303 


Slat* (.if 

( all 1 1 k rt 1 1 n 

\ii7 V I ; 

and L'*>t K 

1 SSf • t(. 

27l0"K. I'lH lit* from 2 76K" lo 1 

r 

— t .1 ' K Kf w 


S- 


M , 

’*7 

0.000 

0.000 

INFINITE 


15.367 

64.254 

64.754 

0.000 ■ 

15.443 

64 • 34S 

64.254 

0.078 

19.195 

69.325 

64 . 90 7 

1.767 

22.101 

M .936 

66,758 

3.8 38 

24 .240 

7R . 1 65 

6 7.895 

6.161 

?5 . 820 

82.028 

69.64 i 

8.669 

26.981 

85.555 

71.415 

11.312 

27.850 

88 . 786 

73.160 

14.056 

28.513 

91 .756 

74 , 800 

16.875 

29.028 

94 ,499 

76.540 

1 9. 753 

29.434 

97 .0<42 

78.144 

72 .677 

29.758 

99.412 

79.690 

25.637 

30.022 

101.627 

01.179 

20.627 

30.230 

103 . 706 

07.61 2 

31.640 

30. 3<.l 

104.814 

63.387 

33.341 

30. 341 

104.814 

0 i. 30 7 

33.341 

30.418 

105.663 

83 . 992 

34.673 

30.568 

107.512 

85.322 

37,723 

30.696 

1 09 • 36 1 

86.604 

40.786 

30.005 

1 10.926 

07.840 

43.862 

30.898 

1 12.50H 

89.035 

46.947 

3 0 . 9 7 9 

. iH.Ol 8 

90.189 

50.041 

3 1 .0 50 

115.461 

91 . 305 

53.143 

31.11? 

1 16.84? 

92. 305 

56.251 

31.167 

110.160 

93 , 43 ? 

59.365 

31.215 

1 19.4*.! 

94.447 

62.404 

M .250 

120.666 

95.43? 

65.608 

M .296 

121 .047 

96. 389 

60.736 

.321 

122.624 

97.022 

70.865 

31.321 

122.624 

97.072 

70.065 

31.331 

1 22.905 

97.318 

71.867 

3 1 . 362 

1 24.085 

90.22 3 

75.002 

31.390 

125.149 

59.102 

78.139 

31.415 

176.179 

99,959 

01 .280 

31 .438 

127.177 

100. 794 

04 •427 

3 1 .460 

128. 144 

: 01 .609 

87.567 

31 .479 

129.084 

107,403 

90.714 

31 .496 

1 29.99 7 

103,1 70 

9 3.86 H 

31.513 

1 30.084 

J 03 ,9-^6 

97.014 

31 .520 

131. 748 

104.676 

100.166 

31.541 

1 32.50 9 

1 05. 3*39 

103.319 

31 . 5«>4 

'' 33 . 4 O 0 

106.107 

106.474 

31 . 566 

1 34 . 20 7 

106 . 000 

109.630 


31.577 
31.587 
31 .‘-97 
11 .606 
31.614 

31 .622 
31 .629 
31 .636 
31.642 
31 .648 

31.654 
31 .659 
31 .664 
31 .669 
31.674 

31 -678 
31 .682 
31 .686 
11 . 6 ' > 
31.6'' » 


1 34. . 98 7 
1 35. 74P 
1 36.4V1 

137.218 

137-920 

13 8.623 

139. 103 
1 39. 96*^ 
150.6.2 
141 . -M 

14.1 .688 
142.502 
143.106 

14 3.697 
144.279 

1 44.049 
145.410 
145.961 
1 46 . "'0 3 
147,036 


. K. >t\ yfw 

\H, 


-251.936 
-247.899 
-247.868 
-246.1 56 
-244 ,288 

-242.327 
-254.710 -240.296 
-255.052 -238.215 
■255.303 -236,086 
-255.723 -233.925 


-254. J36 


-256.092 -231.731 
-256.492 -229.503 
-256.933 -227.240 
-257.417 -224.941 


107,478 
108,142 
108.792 
109.430 
1 10.056 

I 1 0,669 
1 I I .271 
I 1 1 .862 
1 12,442 
113.012 

1 13.572 
114,123 
1 14,664 
115.196 

115. 720 

1 16.235 
I 16. 742 
117.241 
1 1 7.732 
118.216 


112.787 
1 15.946 
1 19.105 
122.265 
125.426 

1 20.588 
1 3J . 75 1 
1 ^4.914 
1 38.078 
141 .242 

144. 4 O 7 
147.57} 

1 50 . 739 
153.906 
157.073 

160.241 

163.409 

166.578 

169.746 
1 72.916 


-258.275 
-260.877 
-269,033 
-26 .387 
-26v. 751 
-270. 125 
-270.514 

-270.918 
-271 . 337 
-271 .775 
-272.220 
-2 72. 703 

-273.194 

-273.705 

-274.063 

-484.528 

-484.458 

-484.246 

-484.040 

-483.843 

-483.659 
-483.403 
-4*' >18 

-403 . 9 

-483.6 33 
-482.909 
-487,809 
-402. 724 
-402.661 

-482.62 I 
-482.603 
-482.613 
-492.652 
-402 *14 

-482.81 ^ 
-482.943 
-4.j-'.lll 
-493. 314 
-483.560 

-483.851 

-464.186 

-404.577 

-485.018 

-485.522 

-406.091 
-486. 730 
-487.452 
-488,266 
-40r9. I 77 


-221.264 

-221.264 

-219.925 

-216.645 

-213.747 

-210.625 

-207.486 

-204.319 
-201 . 1 38 
-197.938 
-194.715 
-191.476 

-188.219 

-184,945 

-162.703 

-182.703 

-179.211 

-168,314 

-157,413 

-146.523 

-135.652 

-124.789 

-113.917 

-103.045 

-92.199 
-81.338 
-70 .488 
-59.632 
-40.790 

- 37.942 
-27,089 
-16.24 ^ 
-5.394 
5,442 

16.294 

27,166 

^ 8.010 

48.868 

59,740 


70.614 
80.095 
92. *64 
103,269 
114.164 

125.07^ 
136.000 
I 4n.946 
157.907 
168.87? 


infinite 
181 .706 
160.563 
134.487 
106.773 

88.263 

75.020 

65.074 

57.327 

51.122 

46.039 
41.796 
38.201 
35.113 
32.431 

31.076 

31.076 

30.039 
27.876 
25.951 
24.226 I 
22.672 I 

21 .263 
19.980 
10.608 
17.730 
16.738 I 

15.820 
14.970 I 
14.425 I 
14.425 I 
13.987 I 
12.684 j 
11.467 I 

10.329 i 

9.264 

8.264 
7.322 

6.434 

5.597 
4 . 804 
4,05.. 

} . 342 
2.666 

2.022 
1 .410 
0.826 
0.268 
-0.264 

-0.774 
-1 .263 
-1.731 
-2.180 
-2.611 


1 5 Seplcnibrr 1 9 6Z 


-3.026 

-3.366 

-3.809 

-4.179 

-4.536 

-4 .081 
-5.214 
-5.537 
-5,940 
-6.151 
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TRIMERIC BERYLLIUM OXIDE ( 80303 ) (IDEAL MOLECULAR CAS) gfw = 75.039 
AH'fo = -251.936 Real gfw'^ ^”*1298.15" ‘252.700 ± kcalg£w*‘ 


Point Group = planar 


H* = 3.750 Kcal gfw"^ 

298.15 0 


S* = 64.254 cal degK‘*g£w‘* 

298.15 ® 


Bond lengths and angles; 

Be-O distance s 1.63 A 
Heat of Formation 

Third law calculations of data hy Chupka^et were made. 

Heat Capacity and Entropy 

Values given by Hildenbrand^ were used. 

References 

1, Chupka, W. ,etal,J. Chem. Phys. 30. 827 (1959)- 

2. Hildenbrand, D. L. , Aeronutronic Publ. No. Contract NOrd 17980 

(1959). 
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TABL.E 104 


lElRAMEHK. BERY LIJUM OXIDE IDEA L MOEEC DEAR ( 

Heferciu*. State for (.akulatinR NH^. \ Vi. and Log 
Liquid he from ISS#,' to 2/(.H-K. f.a«eou» he from 27f.8- to 

jAS 86404 

Solid he from O' u> J556*K, 

6000 "K, GaseouH CiaseouB Fle^O^ 



tbI/' It 






T."K 

s. 

‘‘T 

-'k - 


Mfj 



0 

0.000 

0 ,000 

INF INI TF 

>4.500 

-376.082 

“376.08? 

infinite 

?9fl. 1 5 

21.520 

72.309 

72.309 

0.000 

-377.600 

“367.215 

269.163 

300 

21 .625 

72,442 

72.310 

0.039 

-377.615 

-367. 149 

267.455 

4»00 

26.751 

79.393 

73.222 

2 .468 

-378.366 

-363.546 

190.623 

500 

30.685 

85.507 

75.107 

5. 349 

-370.959 

-359.766 

157,246 

600 

13.581 

91.6 71 

77. 38 7 

8.570 

-379.426 

-355.885 

129.625 

700 

36.696 

97.015 

79.815 

12.040 

-379.798 

-351 .932 

109.873 

800 

37.257 

101 .889 

82.274 

15.691 

-380.127 

-347.930 

95 .0<i5 

900 

38.425 

106.348 

84.705 

19.478 

-380.440 

- 343.882 

83.502 

1000 

39.316 

1 10.444 

87.077 

23.367 

-380. 763 

“339.003 

74.260 

noo 

40.006 

1 14. ■»’5 

89.375 

27.335 

-381.125 

-335.696 

66.693 

1?00 

40.551 

1 17.730 

91.594 

31 . 364 

-381 . 528 

-331.554 

60*381 

1 300 

40.986 

1 20.994 

93.731 

35.441 

-381 -985 

-327.375 

55.034 

l<i00 

41 . 340 

1 24.045 

95.709 

39.558 

-382.500 

“323.158 

50.445 

1500 

41 .630 

126.907 

97,769 

43.707 

-383.083 

“310.895 

46.461 

1556 

41 . 765 

126.430 

98.839 

46.044 

“383.444 

-316.479 

44.449 

1 556 

41 . 765 

128.430 

98.339 

46.044 

-397.500 

-316.479 

44.449 

1600 

41.871 

129.602 

99.675 

47.883 

“397. 725 

“314.197 

42.915 

1 700 

42.073 

1 32.147 

101.511 

52.080 

“ -99.066 

“308.966 

39.718 

1 800 

42 .244 

1 34.557 

103.281 

56.296 

“398.420 

-303.719 

36.075 

1900 

42.390 

1 36.845 

104,987 

60.528 

“398. *88 

-298.448 

34.328 

?00C 

42.516 

1 39.022 

1 06 .635 

64.774 

- 399,1 74 

-293.158 

32.033 

2100 

42.625 

141 .099 

100.227 

69.031 

“399-581 

“287.840 

29.954 

2200 

42.719 

14 3.065 

109. 767 

73.290 

-400.008 

“202.509 

28.063 

2300 

42.003 

144,985 

111.257 

77.575 

-400.459 

-277.161 

26.335 

2400 

42.876 

1 46.809 

112.701 

81 .859 

-400.931 

-271 .786 

24.748 

2500 

42.941 

1 48 , 560 

114,100 

96.150 

-401.432 

“266.395 

23.207 

2600 

42.998 

150.246 

1 1 5.450 

90.447 

-401.955 

“260.905 

21 .937 

2 70C 

43.050 

151 .669 

116.777 

94. 749 

-402.505 

-255.557 

20.605 

2767.61 

43.081 

152.938 

1 17.650 

97.678 

-402.892 

“251.850 

19.884 

2767.61 

43.001 

1 ••'2.938 

1 1 7,650 

97.678 

-683.512 

“251.850 

19.864 

2800 

43.096 

'51.436 

1 18.050 

99.056 

-6S3. 378 

-246.857 

19.267 

2900 

43.138 

1 51, , 94, g 

1 1 9, 305 

1 03.368 

-682.96? 

“231.275 

17,4.28 

3000' 

43.1 75 

156.412 

120.517 

107.684 

-602.554 

-215.693 

15.712 

3100 

43.209 

157.628 

121 .698 

112.003 

-602.161 

“200.1 3 1 

14.109 

3 200 

43.240 

1 59. 201 

122.849 

1 16.326 

-681 . 782 

-184.598 

1 2.607 

3 300 

43.269 

1 60.5 32 

123.970 

1 20.65 1 

-6.1.415 

“169.07 3 

11.197 

3400 

43,294 

161 .624 

1 

124.979 

-6H 063 

-153.550 

9.870 

3 5 or 

43.318 

16 3.079 

126.13^ 

129. 310 

732 

-138.028 

8.618 

3600 

4 3 . 340 

164. 30C 

127.177 

133.64* 

-680.419 

-122.544 

7.439 

3700 

43 , 360 

165.487 

128.196 

1 37.978 

-6fl0. 1 22 

-107.041 

6.322 

3800 

43 . 3 78 

166.644 

129.193 

142-315 

-679,055 

-91 . 563 

5.266 

3900 

43.395 

167.771 

1 30.167 

146.654 

-679. MO 

-76.072 

4.263 

4000 

43.411 

168. 82C 

131.121 

i 50.994 

-679.394 

-60.604 

3.311 

4100 

43.426 

169.-/ 2 

1 32.055 

155. 336 

-679.208 

“45,135 

2.406 

4 200 

43. 440 

1 70.989 

1 32,970 

1 59.600 

-679.052 

-29.664 

1 .543 

4300 

43.453 

172.011 

1 3 3,066 

i 64.024 

-678.9 14 

-14.207 

0-.722 

4400 

43.464 

1 

1 34 . 744 

168. 370 

-6 »'».852 

1.258 

“0.062 

1.5^0 

43.476 

173.987 

J 15.605 

1 72.71 7 

-6 70.003 

16.704 

-o.eii 

4600 

43.486 

1 74-943 

1 36.450 

1 77.065 

-670.803 

32.159 

“1 .528 

4700 

43.496 

175,878 

] 37,279 

181.41*^ 

-■>78.84^ 

47,642 

-2.215 

4 800 

43 . 5v3^ 

1 76 . 794 

1 38.093 

1 85-765 

-670.935 

63,083 

-2.872 

4900 

43.514 

177.691 

1 30.392 

190.116 

-6 79.074 

78.541 

-3.503 

5000 

43.522 

1 78.570 

1 39.* ' 3 

1 94.467 

-679.26 ' 

94.015 

-4.109 

5100 

4 3.5 29 

179,432 

140.448 

198.820 

“ 679,524 

109.491 

- 4.692 

5 200 

4 3.5 36 

180.278 

14 1 . ’06 

203.1 7 3 

- 679,839 

123.108 

- 5.174 

5 30 ( 

4 3.54 1 

181 • 107 

141 . *51 

207.527 

- 600.227 

140.436 

- 5.791 

54 00 


181 .921 

1 4.' ,68 J 

21 1.882 

- 600.684 

155.947 

“ 6.311 

5 5 00 

4 3.' ' 

182. 720 

143,404 

216.237 

“ 681 .223 

171.443 

“ 6.812 

5600 

4 3. >6.' 

183.505 

144.1 1 3 

220.593 

- 681 .849 

186.953 

- 7.296 

700 

43.567 

1 84-2 76 

144.81 1 

224.950 

- 682.568 

202.483 

“ 7,763 

5 8 00 

43,' 72 

185.034 

145.498 

229.307 

- 683.399 

218.037 

- 8.215 

^ 900 

43,577 

1 85. 779 

1 46.1 74 

Z ** 3.664 

- 684.352 

233.581 

“ 8.652 

6300 

. 3 . 5 d ? 

166.51 1 

146.841 

238.022 

- 685.4 36 

249,170 

>■9.670 
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TETRAMERIC BERYLLIUM (IDEAL MOLECULAR GAS) gfw ■ 100. 052 
OXIDE (Be404) 


= -376.082 Kcal gfw 


-1 


Point Group = planar 


»*298.15 -HV"- 500 Kcal gfw 


-1 


AH* £ 29 g ^ 1 5 = -377.600 db 4. 000 Kcal gfw* 

®’298.15 " degK-‘gfw-* 


Bond lengths and angles; 

Be-O distance = 1.63 A 
Heat of Formation 

Based on data of Chupka et al^ . 

Heat Capacity and Entropy 

2 

Values given by Hildenbrand were used. 

References 

1. Chupka, W. , 'J- Chem. Phys. 827 (1959). 

2. Hildenbrand, D. L. . Aeronutronic Publ. No. C-623, Contract NOrd 
17980 (1959). 
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TABLE 105 


PENTAMERIC BERYLLIUM OXIDE IDEAL MOLECULAR GAS 


86503 


Reference SUte for Calculating MfJ. A K* and Log Kp Solid Be from 0* to IS56*K. 
Liq uid Be from I S S6* to i7f,8*K. Gaaeoua Be from ^768* to f.OOO’K, Gaaeoua O^. Gaaeous Be 505 


T. 


“K 




~cml/°K gfw Kc«I/glw 

sV Sly ^ h';98 a mJ a hf' 


Log Kp 


0 

O.OOO 

0.^.0 

infinite 

296.1 5 

27.673 

79. 700 

79.700 

300 

27.806 

79.871 

79.701 

400 

34.307 

88.798 

80.873 

900 

39.269 

97.01 3 

03.292 

600 

42.913 

104.51 3 

86.214 

700 

45.573 

111.338 

89.323 

BOO 

47.53? 

117.558 

92.469 

900 

49.000 

123.245 

95.578 

1000 

50.118 

128.469 

98. (^09 

1100 

50.985 

133.288 

lOl .546 

1200 

51.668 

137.754 

104.379 

1300 

52.215 

l4l .912 

107.108 

1 400 

52.658 

145.799 

109.735 

1 900 

52.022 

1 49.445 

1 1 2.26? 

1956 

53.196 

151,383 

1 13.626 

1 596 

53.196 

151 .303 

I 1 3.626 

1600 

53.325 

152.077 

1 14.694 

1 700 

53.578 

156.117 

1 17.036 

1 flOO 

53.793 

159.186 

1 19.293 

1900 

53-976 

162.099 

121 .470 

2000 

54,134 

164.87? 

123.572 

2100 

5s. 2 70 

167.517 

125.602 

2200 

54.389 

1 70.044 

127.565 

2300 

54.493 

172.464 

1 29.465 

2400 

54,585 

I 74.785 

1 31 . 305 

2500 

54.666 

177.015 

1 3 3,089 

2600 

54.736 

179.161 

1 34.820 

2700 

54.803 

181 .P28 

1 16,501 

: 2767,61 

54,843 

182.508 

1 ■'7.61 3 

j 2767,61 

54,843 

1 8 7 , * H8 

137,61 3 

2B0C 

54.061 

181.222 

130.134 

2900 

54.913 

lfl5.14H 

1 19.72 2 

1 1000 

54,960 

18^.011 

i 41 .268 

1 3100 

5 5.00-' 

180.814 

142.773 

■ 1200 

55.042 

1 90. jfcO 

144.239 

1300 

55,078 

1 92.255 

14*- .668 

3400 

55.110 

193. <^0C 

147.063 

3500 

55,141 

195.497 

140.424 

16C( 

55.167 

197.051 

149,753 

3700 

55.19? 

198.561 

151.05? 

3 800 

55.215 

200.015 

1 *^2 . »,?? 

3900 

55.237 

2v . .470 

1 5 ^ ,564 

4000 

55.257 

202 . 669 

J 54 . 77V 

4 1 

55.275 

204 . 2 ' 3 

155.968 

4200 

55 .29? 

205 ,565 

1 5 7 . 1 14 

4300 

55 , 3CP 

? 0 6 , M 6 7 

158.275 

4400 

55.323 

20H , 1 18 

15 #. 394 

4 500 

55.337 

209. 382 

160,491 


-5.250 

-500.227 

-560.227 

INF INITE 

0.000 

-502.500 

-486.332 

356.474 

0.051 

-502,517 

-486.231 

354.202 

3.169 

-503. 374 

-480.671 

262 .614 

6.860 

-504.025 

-474.91 1 

267.573 

10.979 

-504.516 

-469.645 

176.841 

15.410 

-504.088 

-463.163 

144.586 

20.070 

-505.202 

-457.113 

124.072 

24.901 

-505.497 

-451.679 

169.532 

29.859 

-505.864 

-445.017 

97,254 

34.916 

-506.159 

-438.929 

87.263 

40.050 

-506.565 

-432.866 

78.821 

45*245 

-507.038 

-426 . 646 

71 .722 

50.489 

-507.584 

-420.446 

65.631 

55.774 

-508.214 

-414. 194 

66.345 

58.750 

-508.610 

-416.659 

57.677 

58.750 

-526.280 

-416.659 

57.677 

61 .09? 

-526.418 

-407,466 

55 .646 

66.437 

-526. .45 

-399.958 

51.416 

71,806 

-527.089 

-392.4,94 

47.653 

77,195 

-527.450 

-385.069 

44.284 

82.601 

-527.834 

- 377 . 564 

41 .256 

88.021 

-520.244 

-369.968 

38,561 

93.454 

-528.679 

-362.421 

36.061 

98.898 

-529.145 

-354.857 

33,718 

104.353 

-529.635 

-347.262 

31 .621 

109.81 5 

-530.162 

-339.654 

29,691 

115.206 

-530. 717 

-332.625 

27,908 

120.763 

-531 . 305 

-324.377 

26.255 

K 4.491 

-531 .72? 

-319,156 

,198 

124.491 

-982.496 

-119, 156 

?5 .198 

126.246 

-982.297 

- 112.643 

24.402 

1 31 .735 

-881 .678 

-292. 307 

22.628 

1 37.229 

-HBl .069 

-271 ,98? 

19,813 

142 , 727 

-980.478 

-?51 .681 

17,743 

148.229 

-879,906 

-2 11 .41 7 

: 5 , 864 

153. 735 

-8 79. '48 

-21 1 .169 

1 1.984 

- '9.245 

-87!; , 6' ' 

-190.926 

12 .272 

1 64 . 757 

-H 78,. » 

- 1 70.68B 

1 0.658 

* 70.273 

-877.80-. 

-15 0.494, 

9. 1 3^ 

1 75. 791 

-877 . 134 

-130.287 

■» .695 

181.311 

-87 .902 

-110.110 

6.332 

186.834 

-876.496 

-8 9,92*' 

*■ .039 

1 92 . 158 

-a 76.127 

-69, 7f>6 

‘'.812 

1 97.885 

-87S. 795 

— S 9 • 606 

2 , 6s s 

203.414 

-8 75. 5C1 

-29.450 

1.532 

208.944 

-a "^5 . 25 7 

- 9 . M 2 

6.473 

214.475 

-875.051 

10.030 

-0.538 

220.008 

-8 74 .89? 

■'0.9S8 

-1 . ‘'03 


1*600 

4700 

4800 

4000 

5000 

5100 
5 ? 00 
5-100 

5400 

5500 

5 600 
5 700 
5 800 
5900 
6000 


65 . 3^0 

55 , 16 3 

55.374 

55 . 385 

55 , 395 

210.590 
■’ 11.70 9 

21 2 . 95 S 
214.096 

2 1 *■ . 2 1 5 

1 61 .56 7 

1 52,623 

1 6 3 ,660 
164,6 7 7 
165,677 

725.543 
231 .070 
236.615 
242,153 
247.692 

- 87 s . 797 
'1 7 u - 7 S S 
- 87 s . 760 

- 87 S.B 35 

- 87 S .978 

51.078 

71.218 

91 . 3 SS 
■ 1 1,472 
’ 11.615 

- 7.427 

- 1 . 31 ? 

- 4,159 

- 4.772 

- 5.753 

55.405 

56,414 

55 . 4 ?? 

65.430 

55,418 

216 . 112 
217.108 
710.444 

21 9.400 
220 . S 97 

1 6 b. 65 V 
; 67.624 
168.571 
169 , 50 b 
i 70 . 4?4 

2 5 3 ..:i 2 
258.^71 

264,116 

269.858 

275,401 

- 875.198 
- 875.492 
- 875,878 
- 876 . 1 S 9 
-8 76 . 92 s 

161.759 

169.579 

192.036 

7 1 7 . 2 1 2 
237.374 

- 6 , 503 
- 7.127 
- 7.918 
- 8. 500 
- 9,233 

55.446 
55 . 45 ? 
55 . 4‘'0 
55 , 46 *' 
55,470 

? 21 .496 
222.470 
223 .S 4 2 
274 . 390 
275 . 32 ? 

1 71 . 327 

1 72 . 21 6 

1 7^.091 
173.962 

1 74.801 

2 80 . 9 s 5 
286.490 
297,016 
297 . 587 
303. , 29 

- 877.607 
- 078.407 
- 879 . 3 S 6 
- 880.418 
- 881 .693 

252.551 
272.75 1 
297.979 
113.193 
333.474 

- 9.856 

- 10 .S 67 
-1 1 .039 
- \ 1 .601 
- 12.146 
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PENTAMERIC BERYLLIUM OXIDE (BesOjXIDEAJL MOLECULAR GAS)gfw= 125.065 


-500.227 Real gfw -1 


AH*^ , = -502. Real gfw’* 

f298.15 


Point Group = planar 
”* 298 . 15-»'0 = 5-“0Kcal gfw 


S* 29 g j 5 = 79.700 cal degK” * 


Bond lengths and angles: 

Be-O distance = 1.63 A . 

Heat of Formation 

Based on data of Chupka et al.^ 

Heat Capacity and Entropy 

Values given by Hildenbrand^ were used. 

References 

1. Chupka, W. . et^, J. Chem. Phys. 30, 827 (1959). 

2 Hlldenbrand, D, L. , Aeronutronic Publ. No. C-623, Contract NOrd 
17980 (1959). 
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TABLE 106 


HEXAMERK. BKKYLIJUM OXIDE IDEAL MOLE-CULAR C.AS 66^0^ 

R-^ferrmr SUtr for Calculating \fi;. and Log K„ Sol .d Be f .-orn 0 * to I SSfc "K . 

Liqu^Be frcMii I SS f. ‘ to from /iVfcH’ to t(^nO*K. Gaseou. O^, Ciaaeoua 




ral/ ’lt gim. 



_ KcflS/gfw - 



T.**K 



i 


\ h ; 


Lo, Kp 

0 

0.000 

0.000 

INFINI Tr 

-6.000 

-629,773 

-629.773 

174FINITE 

298 1 5 

33.B25 

06.687 

86.68 7 

0.000 

-632.800 

-610.729 

447.655 

300 

M AA 

33 .988 

86.896 

86.688 

0.062 

-632.819 

-610.591 

444 .794 

mUO 

4 1 .864 

97 , 798 

86.121 

3.870 

-633.781 

-603.035 

329,467 

500 

47,853 

107.817 

91.073 

8.371 

-634.491 

-595.255 

260. J 73 

600 

52.246 

116.951 

94.637 

13.388 

-635.006 

-587.362 

213 .936 

700 

55.449 

125.258 

98.427 

18.781 

-635, 376 

-579.391 

180.005 

ROO 

57.808 

1 32.824 

102.261 

24.450 

-635.677 

-571.374 

156.085 

900 

59.574 

1 39. 74,0 

106 .047 

30.323 

-635.954 

-563.3 1 3 

136,784 

1 000 

60.920 

146.089 

lOV. 736 

36.351 

-636.244 

-555.227 

121 .339 

1100 

61.963 

151 .946 

1 1 3. 31 2 

42.497 

-636.593 

-547.118 

108,697 

1 200 

62.785 

157.375 

1 16.761 

48.736 

-637.002 

-538.974 

96.156 

1 300 

63.443 

162.427 

1 20.082 

55.049 

-637.490 

-530.793 

09.230 

1400 

63.976 

167.149 

123.277 

61 .421 

-630.066 

-522. 56B 

01 .573 

1500 

64.414 

1 71 .578 

1 26.35 1 

67.641 

-638.744 

-514,288 

■^4 .928 

1556 

64.622 

173.932 

126.009 

71 .456 

-639.1 76 

-509.610 

71.574 

1556 

64.627 

171.932 

128,009 

71 .456 

-660.296 

-509.610 

71 .574 

1600 

64.778 

1 7 5 . 74 7 

129,309 

74. 301 

-660.427 

-505.370 

69.027 

1 700 

65.083 

1 79.684 

1 32.158 

00.795 

-660 • 740 

-495.664 

63.719 

1 800 

65 . 341 

181.412 

1 34.902 

07. 316 

-661 .074 

-485,943 

58.999 

1 900 

65.562 

1 86.951 

J 37.549 

93.86? 

-66 1 .420 

-476.20? 

54.773 

2000 

65.751 

190.318 

140.104 

100.426 

-66 1 . HlO 

-466.440 

50.968 

21 or. 

65.915 

193. 

142.573 

107.011 

-662.223 

-456.648 

47.522 

2200 

66.058 

196.6^0 

1 44 . 959 

113.610 

-662.665 

-446.843 

44.388 

2300 

66.103 

1 99.539 

147,269 

1 20.222 

-663,145 

-437.024 

41 .525 

2400 

66.294 

20? . 359 

149.506 

126.846 

-663.655 

-427.1 70 

38.897 

2500 

66.392 

205.067 

151 .674 

133.481 

-664,208 

-417.303 

36.479 

2600 

66.479 

207.673 

153.770 

140.124 

-664 ,795 

-407,414 

34.245 

2700 

66.556 

210.183 

155.821 

146.776 

-665.421 

-397,506 

32.174 

2767,61 

66.604 

211.834 

157,172 

151 .305 

-665.866 

-390.744 

50.050 

2767.61 

46 . 604 

211.834 

157.172 

151 . 305 

-1006.880 

-390.744 

30.850 

2800 

66.626 

212.605 

157.806 

153.436 

-1086.615 

-302.698 

29.070 

2900 

66.689 

214. 94,4 

1 59,736 

160.101 

-1085.794 

-357.570 

26.946 

3000 

66.746 

21 7,206 

161 .615 

166.773 

-1084,984 

-332.458 

24.218 

3100 

66.797 

21V. 395 

163.443 

173.450 

-1084.196 

-307.374 

21 .669 

3200 

66.844 

221 .51 7 

165.225 

1 80.133 

-1083.429 

-282.342 

19,282 

3300 

66.687 

223.5 74 . 

166.962 

186.819 

-1082.680 

-257,333 

17.042 

3400 

66.925 

225.57? 

166.657 

1 93.510 

-10*. 1 .953 

-232.328 

14.933 

3500 

66.961 

227.512 

1 70.31 * 

200.204 

-iO0' .259 

-207.333 

12.946 

3600 

66 . 994 

229. 399 

171 .926 

206.902 

-lOBC 591 

-182.393 

1 1 *072 

3700 

67.024 

231 .235 

I 73.504 

213.603 

-1079.947 

-157,439 

9.299 

3000 

67,052 

233.023 

1 75.047 

220. 307 

-1079.348 

-132.52? 

7,62 1 

3900 

67.078 

234,. 765 

I 76,556 

227.014 

-iO70. 782 

-107,599 

5.029 

4000 

67,102 

236.461 

1 78.033 

233. 723 

-1078.259 

-82.7 12 

4.519 

4100 

67.12-4 

238. 121 

1 79.478 

240.434 

-1077.78? 

-57,824 

3.082 

4200 

67 , 1 4,5 

239,738 

1 80.894 

247.147 

-1077.351 

-32.939 

1.714 

4300 

67.164 

241 . 31 9 

1 82.281 

253.863 

-1076.974 

-8.003 

0.411 

4<*00 

67.18? 

24 ,? . 063 

103.640 

260.580 

-1076.653 

16.781 

-0.833 

4500 

67.199 

244.37 3 

184.973 

267,299 

-10"^* . 301 

41.610 

-2.021 

4600 

67.21 ‘ 

245.850 

1 86 . 280 

2 74.020 

-1C76. 182 

66.455 

-3.157 

4700 

67.229 

247.296 

187.563 

200. 742 

- 1 0 76.045 

91 .334 

-4.247 

4800 

67.24*3 

248.71 1 

1 08 .822 

207.466 

- I ^75.904 

116.149 

-5 .280 

4900 

67.256 

2*^0.096 

1 90.059 

294.191 

-1075.994 

140.979 

-6.288 

5000 

6 7 a 2 6 6 

251.457 

191.273 

.300.917 

-1076.00 

165.835 

-7,248 

5100 

67.280 

252. 789 

192,4c, 

307,645 

-1076.271 

190.687 

-8.171 

5200 

67.291 

254. 0‘ 6 

193.639 

■‘14.373 

-1076.545 

212. 746 

-8.941 

5300 

67.301 

25S.377 

1 94,792 

321 . 103 

-1076.928 

240.370 

-9.91 1 

5400 

67.311 

256.636 

195.926 

327.834 

-1077.415 

265.252 

- 10.735 

5500 

67. 320 

257.871 

197,041 

334.565 

-1078.025 

290.122 

-n .528 

5600 

67.329 

259.084 

1 98.138 

341.298 

-1078.765 

315.006 

-12.293 

5700 

67. 337 

260.276 

199.219 

348.031 

-1079.646 

339.916 

-13.032 

5800 

67.345 

261 .447 

200.280 

)54. 765 

-1080.694 

364.864 

-13.748 

5900 

67.^52 

262.596 

201 • 327 

361.500 

-1081.924 

389.702 

- 14.438 

6000 

67 . ' N9 

263. 7 JO 

202. 357 

368,236 

-1003.351 

414.794 

-15.108 
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HEXAMERIC BERYLL.IUM OXIDE (IDEAL MOLECULAR GAS) gfwsl50.078 

AH* -629.773 Kcal gfw"‘ ^”*f298 15 = -^32. 800*40. 000 Kcalgfw* * 

Point Group = planar ®*298 15* 86.687 cal degK”^gfw”* 

Bond lengths and angles: 

Be-O distance = 1.63 A 
Heat of Formation 

Based on data of Chupka et al^ . 

Heat Capacity and Entropy 

Values given by Hildenbrand^ were used. 

References 

1. Chupka, W. , Chem. Phys. 30 , 8Z7 (1959). 

2. Hildenbrand, D. L.. , Acronutronic Publ. No. C-623, Contract NOrd 
17980 (1959). 
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»*T 
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0.732 

7.038 

1 . 339 

1 . 339 
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7.036 

1.37? 

1 • 339 

0.006 

7.B31 

7.073 

1 .630 

0.730 

3.696 

7.786 

1 .667j 

0.369 

6.038 

3.671 

1 .893 

0*967 

6 • 660 

6.176 

7.166 
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6.739 
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1 .831 
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3.311 

2.736 
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3.36 7 
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6.988 

3.669 

8. 030 

6. 366 

3.337 

3. 771 

8.617 

6.391 
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3.763 

8.763 

6.82 7 

6.696 

3.803 

9.096 
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7.773 

3.836 

9.611 

3.776 

7.837 
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9.711 
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3.936 

10.336 
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10.217 

3.936 
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6.786 

10.807 
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11.032 
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1 1.603 

3 . 997 

11.767 

6.63 1 

17.00? 
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1 1 .69^ 

6.826 

17.602 

6.0 76 

11.717 

6.997 

13.70^ 

6.067 

1 1 .926 

7.163 

13.807 

6.037 

17.179 

7. 37 3 

16.617 

6.073 

17.378 

7.603 

13*018 
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17.321 

7.630 

13.676 
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17.708 

7.788 

16.736 

6.119 

12.891 

7.936 

16*867 

6.136 

1 3.068 

8.080 

1 7.660 
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6.1 60 

6.166 


I 3.761 
1 I .6 i 0 


,771 
. 36 


6.616 
h . 6 4 B 
6 . 660 
6.683 
6.606 


16.079 
1 6. 1 
16. 7*^8 
16.371 
16.681 


18.076 

18.690 


6.181 

1 4. j7- 

8.696 

19, 307 

6.197 

1 3. "36 

8.626 

19,926 

6.71 3 

1 4.693 

8.73^ 

70.366 

6.7 40 

16.066 

8.88'4 

71.168 

6.26 7 

16.197 

Q,0v3B 

2 1 . 7 9 2 

6.766 

16.466 

9, 1 30 

'7-6 18 

6.781 

l4..4,pp 

9 , 7 •' 0 

7^.06 3 

6.2 99 

16.629 

9. 36 8 

23.676 

6.317 

1 4. , 7e» 6 

9. 4.B<* 

7^.305 

6.433 

1 6 . 904. 

9,398 

76.937 

6. 336 


9.710 

7 3.372 

6.371 

13.169 

9.020 

76.708 

6.3 9/ 

1 3.298 

9,928 

76 . 866 

6.617 

13.626 

10.035 

27.68/ 

6.63 7 

16.669 

10.160 

78.179 

6.637 

1 3,672 

10.2'- ^ 

28.773 

6.^73 

13.793 

10. 36 

29.619 

6.696 

13.912 

10.663 

»C. 068 


10.363 

1 O . o *. 1 
10.737 
10.831 
10.976 


30.718 
31.^7 1 
37.076 
3 r . 6 8 1 
33. 367 
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CARBON (C) 


AH'fo = 0 


(REFERENCE STATE) 

0*K to 6000 ‘K Crystal 

^“*£298.15 “ ° 


gfw = 1 


AH*0298.15 " 170.890 Kcal gfw' 
H*298. 15 “ ^ 0.252 Kcal gfw 


^*298.15 = 1 -359 cal deg K 


-1 


Structure 

The graphite structure is used as the reference state. 
Heat of Fornnation 

Zero by definition. 

Heat Capacity and Entropy 

Data from JANAF tables were used in this table. 
Reference 


2.011 


gfw"' 


1. JANAF Thermochemical Tables, Dow Chemical Co. (3 1 December I960). 



CAR HON 


T. 




I A hL f. iOH 

INKAL MONA'JfJMIf GAS Q 

Rrt.r.,,. ,. St.,, r. r f \ \ l-f-. „.d 1 , 0 * Kp 

SohfJ r.r.j|>hitr fnirn 0* tr> f,f)(}(j “K 

-- r.l/' Kitlw- _ ^ _Kr«l/gr«, 

'l> •'T X »*A>M '"'l 


0 

0.000 

0.000 

INr INI Tr 

? 9 8 • 1 

4.981 

37,761 

37.761 

300 

4.981 

37.792 

37.761 

400 

4.978 

39.224 

37.987 

SCO 

4.973 

40. 3 )4 

3 H . 328 

600 

4.971 

41 .240 

36.7 38 

700 

4.970 

42.007 

39.182 

800 

4 .970 

42.670 

39.88 1 

900 

4 . 970 

43.286 

39.931 

1000 

4.969 

43.779 

40.290 

1100 

4.969 

44.283 

40.629 

1 200 

4.970 

44.688 

40.949 

1 300 

4.971 

48.063 

41.282 

14.00 

4.972 

48 . 48 ? 

41 .839 

1300 

4 . 97 S 

48.798 

4 1.811 

1600 

4.978 

46.116 

42.071 

1 700 

4.984 

46.418 

42. 31 7 

1 aoo 

4.990 

46-703 

42.883 

1 900 

4.998 

46.973 

42.779 

2 000 

8.008 

47.229 

42.998 

2100 

8.019 

47.474 

43,202 

220 - 

8.032 

47. 708 

43.402 

2300 

8.046 

4 7,932 

4 3.894 

2<»00 

8.061 

48.147 

43.779 

2300 

8.077 

<• 8,384 

43.988 

2600 

8.094 

48.883 

44,131 

2700 

5.112 

48 . 746 

44,298 

2800 

8.130 

48 . 

44.461 

2900 

S . 1 49 

49.112 

44.616 

3000 

8.168 

49.287 

44.771 

3100 

8.187 

49.487 

44,919 

3200 

8.206 

49 . 62 ? 

48,064 

3300 

8.224 

49.782 

48.204 

34.00 

8.243 

49,939 

48 , 34 l 

3300 

8.261 

80.091 

48,478 

3600 

8.279 

80.239 

48.608 

3700 

8.296 

80.304 

48.732 

3800 

8.313 

80.826 

48.886 

3900 

8.329 

80.664 

48,978 

4.000 

8.348 

80.799 

46.097 

4100 

8 .360 

80.931 

46.213 

4200 

8.378 

81.061 

46 . 327 

4300 

8 . 388 

81.107 

46.439 

4400 

8.402 

81.311 

46.848 

4300 

8.414 
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46,688 
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8.437 

8 1 .669 
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81.783 
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8.47 7 
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S 200 
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0.009 
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0.807 
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171 . 328 
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- 66.677 

1 .802 
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148.783 

- 86.192 

1 .999 

1 / 1.817 

148.000 

- 68.269 

2.496 

171. 888 

141.209 

- 38.575 

2.993 

171. 865 

1 37.415 

- 33.367 

3.490 

171.886 

1 33.620 

- 29.201 

3.986 

1 71.529 

129.028 

- 25.793 

4.483 

171 .490 

126.039 

- 22 .956 

4.900 

171 .438 

122.283 

- 20*552 

8.478 

171 . 380 

116.673 

- 18.696 

8.978 

171.313 

116.695 

- 16.710 

6. <*73 

171.241 

110.923 

- 15.151 

6.971 

171.168 

107,186 

- 13.775 

7.469 

1 . . . 084 

103,393 

- 12.553 

7.969 

1 71,002 

99.683 

-11 .660 

6.469 

1 70.917 

98.080 

- 10.677 

8.970 

1 70.831 

92.131 

- 9.508 

9,473 

1 70. 763 

08.386 

- 0.780 

9,977 

1 70.688 

06.662 

- 8.062 

10.402 

1 70.865 

80.906 

- 7.367 

10.909 

1 70.676 

77.172 

- 6.766 

1 1.497 

1 70. 388 

73.642 

- 6.173 

12.008 

1 70.296 

69.714 

- 5.643 

12.820 

170.207 

68.992 

- 8*151 

13.036 

170.117 

62,271 

- 6.693 

13.880 

170.028 

80.883 

- 6.265 

16.067 

169.939 

84.836 

- 3.866 

14.. 587 

169.881 

81.128 

- 3.692 

15.108 

169 . 76 ? 

47.417 

- 3.160 

18.632 

169,678 

43.713 

- 2.810 

16.187 

169.887 

60.009 

- 2.698 

16.686 

ItT , 00 

36.308 

- 2.206 

17.213 

169.4 3 

32.609 

- 1 .926 

17.763 

169 . 3/6 

28.913 

-1 .663 

18.278 

169.239 

28.217 

- 1.613 

18.809 

169.183 

21.827 

- 1 .176 

19, 346 

169.066 

17.837 

- 0.950 

19.001 

168.979 

16.180 

- 0.736 

20.619 

160.091 

10.663 

- 0.531 

20.989 

168.006 

6.779 

- 0*336 

21 .699 

168.718 

3.098 

- 0.150 

22.062 

160.627 

- 0.880 

0.027 

22-808 

168 . .>38 

- 6.250 

0.196 

23.129 

160.647 

- 7.933 

0.361 

23.676 

160.386 

- 1 1 .607 

0.517 

26.221 

160.268 

- 18.280 

0.667 

26.760 

160.171 

- 10.948 

0^81 1 

28.316 

16 B .077 

- 22.618 

0.980 

28.068 

167.982 

- 26 . 28 ? 

1 .086 

26.618 

167.886 

- 29.948 

1.212 

26.966 

167.780 

- 33.608 

1 .338 

27.817 

167.689 

- 37.273 

1.655 

28.069 

167.888 

- 40-928 

1 .569 

26.621 

167.408 

- 44.804 

1 *660 

29,178 

167.302 

- 48.243 

1 .787 

29,770 

167.276 

- 81 .898 

1 .890 


iS Srptcmbcr l?^ 
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CAUBON, MONATOMIC (C) (IDEAL GAS) g/w « 

= 169.5SOKcai gfw~^ ‘'^*1298. 15 ” >70.890 Kca) 

CTOund State ConfigurAtion ^*298. 15 ” ■5^*76/ cai degK 

£lectronic levete and multiplicitieB 

Source of Data 

Atomic energy levele /rom Moore 
Heat of formation 

Value consistent with JANAF^ chosen. 

Weat _Capaclty and E ntropy 

Calculated on monatomic gas computer program. 

References 

1 . Moore. C. , Atomic Energy Levels. Vol. 1 , Nat'l. Bur. Stds. (I949). 

2. JANAF Thermochemical Tables. Dow Chemical Co. (I 960 ). 


APeSN* M0(NAT0MIC (C) 


< I DIAL GAS ) 


Sumwart sf uNCERrAlNl, tSIlRAIfs 


Offer • .0 1 1 


T. "k 


K Kim 

- r T - 


H - J - - H yi 


* ?98, 15 

* 1000 
A 7000 

* 3000 
^ AOOO 

* 5000 
A 6000 


A OeOOO 
A OaOOO 

* OeOOO 
A O.OOi) 
A 0.000 
A 0.000 

* 0.000 


A 0.007 
A 0.007 
A OsC'O? 
A 0.007 

A 0.007 
A 0.007 
A 0.007 


A 0.00 7 
A 0,007 
A 0.007 
* 0,007 
A 0.007 
A 0.00 3 
A 0,00 J 


A 0.000 
* 0.000 
* 0.000 
A O.OOl 
aO. 001 
fcO.OOl 
*0,001 


♦0.^50 


>2. oil 
gfw~i 
gfw 
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TABLX i09 


HAFNIUM CARBIDE) 


CONDENSED PHASE 


CHf 


R«ference St*te for Calculating AH|, \Fi , and Log k : Solid Hf from 0* to 2495*K, 
Liquid Hf from 249S* to 4985*K, Gaaeoua Hf from 498S* to 6000'K; 

Solid C. Solid HfC from 0* to 3900" K 


0 

0.000 

798.1^ 

8.228 

100 

8.274 

400 

9.916 

%00 

10. /46 

600 

1 1 .266 

700 

11.615 

800 

1 1.894 

900 

12.126 

1000 

1 2. 329 

1 100 

12.513 

1 200 

12.684 

1 300 

12.846 

UCO 

13.002 

1600 

1 3. 1 52 

1600 

1 3.299 

1 700 

13.443 

1800 

1 3. 5b4 

1 900 

13.124 

2000 

13.66 3 

?0ij 

. 3 • VOH 

2033 

1 3.908 

?100 

14.000 

2200 

14. 1 36 

2300 

14.272 

24 00 

14.406 


1 4.5 34 


14.534 

260C 

1 H . 5 4 1 

?600 

14.674 

2700 

1 4 • bOR 

2600 

14.941 

?9ii0 

15.071 

3000 

15.2 06 

3100 

15.338 

3200 

15.470 

3 300 

1 5 . 6 0 2 

34»00 

15.713 

3 SOL' 

1 5. rt65 

36 00 

1 5 .996 

3 700 

16.128 

3800 

16.259 

3 900 

16.390 


- — t.l. X 



ft , - T 

o.ouo 

INFlNf Tt 

9.852 

9.852 

9.903 

9.852 

12.539 

10.200 

14.650 

1 0.905 

16.857 

11.733 

18.621 

12.594 

20.1 91 

1 J.44 / 

21.605 

14.2/0 

22.894 

15.0/5 

24.078 

15.840 

25.1/4 

16.573 

26.195 

1 7.274 

27.153 

1 7.946 

28.055 

18.590 

28.909 

19.209 

29. 7i9 

1 9.80 4 

30.492 

20.37b 

31 .2 30 

20.928 

31.916 

2 1 .461 

32. 165 

2 t .63^ 

32.165 

21 .033 

32.61 7 

21.976 

3 3.2 72 

22.474 

33.903 

22.958 

34.513 

23.427 

15.0/5 

23.859 

35.075 

23.859 

35.104 

23.88. 

35.6 7 / 

24. 32? 

36.233 

24.755 

36. 774 

25.175 

37.301 

25.564 

3 7.814 

25.98 3 

'8.315 

?6. 37 J 

38.804 

26. 754 

39.282 

27.126 

39. /50 

2 7.491 

40. 206 

2 /•840 

40.656 

20.19/ 

41.0.7 

2b . ‘‘40 

41.528 

2 b . a 7 o 

41 .952 

29.206 


Hj - 

Mf/ 

-1 .494 

-54.807 

0.000 

-55.000 

U.Ol 5 

-55.001 

0.936 

-54.990 

1 .973 

-54.974 

3.074 

-54.976 

4.21 9 

-54.998 

5.395 

-55.039 

6.596 

-55.101 

7.81 9 

-55.1 77 

9.061 

-55.267 

10. 321 

-55. 369 

1 1.598 

-55.486 

12.890 

-55.610 

14.198 

-55. 743 

1 5 . 52 1 

-5** 88 5 

i o .858 

- Jt . 33 > 

18.209 

-56. 189 

i9.575 

-56.351 

20.954 

-56.519 

21 .412 

-56.-»75 

21.412 

-58.225 

22.34 7 

-58. 342 

23. 754 

-58.522 

25.174 

-58. 707 

26.608 

-58.098 

27.983 

-59.084 

27.983 

-64 .3^3 

28.056 

-64. 320 

29.516 

-64.259 

30.990 

-64.185 

32.478 

-64.098 

33.979 

-64.001 

35.492 

-63.893 

37.020 

-63. .-fi 

.8.560 

-63.N > 

40.1 14 

— 6 3 • ^ ‘ 

h1 .080 

— 6 3.3 

4 i . 260 

-63. i /3 

44.853 

-6.. .994 

46.460 

-62.803 

48.079 

-62 . 60 1 

49.711 

-62. 388 



Lri* Kp 

-54.807 

i7«FlMl TL 

-54.339 

39.830 

-54.335 

39.581 

-54.114 

29.565 

-53.899 

23.558 

-53.686 

19.554 

-53.470 

16.693 

-53.248 

14.546 

-53.020 

12.874 

-52.786 

1 1 .536 

-52.543 

10.439 

-52.290 

9.523 

-52.020 

8.746 

-51 . 758 

8.079 

-51.478 

7.500 

-5i . 1 90 

6.992 

-50.889 

6.542 

-50.585 

6.142 

-50.269 

5.782 

-49.944 

5.457 

-49.836 

5.357 

-49.836 

5.357 

-49.557 

5.157 

-49.133 

4.881 

-48.705 

4 .628 

-48.266 

4.395 

-47.837 

4.190 

-47.837 

4.190 

-47.805 

4.179 

-47.148 

3.963 

-46.490 

3 .703 

-45.836 

3.577 

-45.186 

3.405 

-44.539 

3.245 

-43.896 

3.095 

-43.256 

2.954 

-42.622 

2.823 

-41.992 

2.699 

-4 i . 46 7 

2 ■ 583 

-40 • 744 

2.473 

-40.130 

2.370 

-39.519 

2.273 

-38.916 

2.181 



HAFNIUM CARBIDE (HfC) 


(CONDENSED PHASE) 


gfw = 190. 511 


AH/ 298 . 15 = -55.0 kcal gfw*^ 


S *98 15 = 9. 852 cal deg K*' gfw' ^ 


= 3900 *K 

Hz98. 15-Ho - 1.494 kcal gfW^ 

C* = 1 1. 3404+ 1.30x10'^ T-3. 112x lO^T'^ cal deg K'^ gfw'* 
P 


298. 15*K < T < 3900*K 


Structure 


Face -centered- cubic NaCl-typc. 

Heat of Formation 

Intermediate value is based on equilibrium data from Zhelankin et al. ^ vapori- 
zation data of Coffman et al. ^ and calorimetry value of Kelley. ^ 

Heat Capacity and Entropy 

4 

Low -temperature data are estimated. High-temperature data have been eval- 
uated by Shomate method using data from Coffman et al^ and Neel et al. ^ Data 
are extrapolated to 3900 *K. 

Melting and Vaporization 

Melting point is estimated from observations of Bowman^ and data of Avarbe 
et al. ^ 


References 


1. Zhelankin. V. I. Russ. J, Phys. Chem. 3^^, 251-253 (1959). 

2. Coffman. J. A. et WADD TR 60-646. Part II (January 196 3). 

3. Kelley, K. K. . private communication. 

4. Schick, H. L. , Vol. 1. this work, section IVB9. 2bl; also see 

section lUD. 

5. Neel. D. S. . et WADD TR 60-924 ( 1 96 1 ). 

6. Bowman, M. , discussions at A. D. Little colloquium (28-29 January 1963). 

7. Avarbe, P. G. . et al, Zh. Prik. Khim. 35. 1976 (1962). 
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X gfw 




Ki<il gfw 



r \ 

f 

V 


■ 

r' 


\H, 

M. 

1 K| 

29Bmlb 

± 

o.boo 

* 0.500 

■t 

0.500 

± 

O.uoo AS 000 



1000 


0.500 

* 1 .105 

* 

0.756 


0.351 



1000 

± 

1 .000 

i 1.105 

t 

0.756 

± 

0.351 



2000 

A 

1.000 

*■ I .7^8 

t. 

1.123 

± 

1.351 



2000 


2.000 

> 1.798 

± 

1.12 3 

t 

1 .351 



3000 

± 

2.000 

* 2.609 

* 

1 .692 

± 

3.351 



3900 

A 

2.000 

* 3.J34 

± 

1.81 3 

X 

5.151 
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TAULF^ljri 


dimolybdknhm carbide: condense:!) phase CM02 

Refyence State for CalculatinR MlJ. \ h,. and Cog K Solid Mo from 0* to 2890*K. 

Clquid Mo from ?.H90* to 496S*K, C^aaeous Mo from 4965* to 6000 'K, Solid C; 

Solid Mo^C: from 0* to 2693 "K. 


l/’K 

r . 

1.1/ k 

St n 

1 II .c>H^ • 

'"l h„h 

KiaJ jefw 

Ml, 


• *fp 

0 

298.16 

12.653 

17.100 

1 7.100 

0.000 

-11.535 

-12.155 

8.9i6 

300 

12.610 

17.178 

1 7.100 

0.023 

-11.538 

-12.159 

8.858 

400 

14.710 

21.131 

17.625 

1.402 

-11.573 

-12.359 

6.753 

600 

15.834 

24.544 

1 8.676 

2.934 

-11.576 

-12.551 

5.486 

600 

16.573 

27.500 

19.906 

4.557 

-1 1.575 

-12.751 

4.644 

700 

17.131 

30.099 

?i.ieo 

6.243 

-1 1 .584 

-12.946 

4.042 

000 

1 7.S9? 

32.417 

77.44 3 

7.980 

-1 1.586 

-13.141 

3.590 

900 

1 7.996 

34.513 

23.669 

9.759 

-1 1.594 

-13.334 

3.238 

1000 

18.366 

36.428 

24.851 

1 1 .578 

-11.601 

-13.528 

2 .956 

1100 

18.713 

38.1 95 

25.984 

1 3.432 

-1 1 .630 

-13.720 

2.726 

1 200 

1 9.044 

39.838 

27.071 

15.320 

-1 1.678 

-13.906 

2.533 

1300 

19.365 

41 .375 

28.113 

17.240 

-11.747 

-14.091 

2.369 

1400 

19.677 

47.821 

29.1 12 

19.192 

-11.831 

-14.268 

2.227 

1500 

19.984 

44.189 

30.0 72 

21.176 

-11.911 

-14.439 

2.104 

1600 

20.286 

45.489 

30.996 

23.189 

-12.028 

-14.602 

1 .994 

1 700 

20.585 

46.728 

) 1 .885 

25.233 

-12.172 

-14.762 

1 *898 

1800 

20.881 

47.913 

32.743 

27. 306 

-12 346 

-14.908 

1 .810 

1900 

21 .1 74 

49.049 

33.571 

29.409 

-12.553 

-15.044 

1 .730 

2000 

71.466 

50.143 

34.373 

31.541 

-12.796 

-15.173 

1.658 

7100 

71.757 

51 .197 

35.149 

33. 702 

-13.078 

-15.283 

1.590 

2200 

27.047 

‘2.216 

35.90? 

35.892 

-1 3.405 

-15.381 

1 .528 

2300 

22.335 

53.201 

36.632 

38.111 

-13.776 

-15.461 

1*469 

2400 

22.623 

54.159 

3 7.343 

40.359 

-14.197 

-15.526 

1.414 

1 2600 

72.910 

55.069 

38.034 

42 .636 

-14.672 

-15.568 

1.361 

1 

1 2600 

23.197 

55.993 

38. 708 

44.941 

-15.206 

-15.599 

1.311 

! 2693 

23.463 

56.813 

39.319 

47.11 1 

-15.754 

-15.604 

1*2 66 


1 
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DIMOLYBDENUM CARBIDE (M02C) (CONDENSED PHASE) 


gfw - 203.91 


*^298. 15 * - 11 - 54 kcal gfw"* Sj^g^ j 5 ■ 17. 10 cal deg K" *gfw* * 

T„ * 2693*K 
xn 

C* » 15.92 + (2. 82 X lO’^) T -(3. 74 x 105)T-2 cal deg glw** 

298, 15*K < T < 2693*K 


Structure 


Di molybdenum carbide has a hexagonal close -packed structure with 
a s 3.002 A and c > 4. 724 A >. 

Heat of Formation 


The heat of formation was calculated from the free -energy functions and 
the free energy of formation at 1270*K that was determined by Gleiser and 
Chipman. ^ 

Heat Capacity and Entropy 

The heat capacity and entropy are estimates of Krikorian.^ 

Melting and Vaporization 

The melting temperature was determined by Nadler and Kempter,"^ 
Reier ences 


!• Hansen, M. , Constitution of Binary Alloys, McGraw-Hill, New Yorlc 
(1958). 

2. Gleiser, M. and J. Chipman, J. Phys, Chem, 1539 (1962). 

3. Krikorian, O. , Estimation of High Temperature Heat Capacities of 
Carbides, UCRL-6785 (1962). 

4. Nadler, M. R, and C.P. Kempter, J. Phys, Chem., 1468 (I960). 
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lABLK 111 


NIOBIUM CARBIDF, CONDKNSfc*!) PHASL CNb 

Keltsrnnie Slalr tor I.jB uUtinK A»fi . M and Nb from 0‘ to 274 l*K, 

l^iquid Nb Iron, 2741* to S032'K, GaHeoua Nb from S0J2* to 6000* K. 

bolid NbG from 0“ to 3/S3“K, Liquid NbG Irom 
WSf to 6000* K. 


t \ 


f 

( 

r 

- — < .1 Y n( 

1 

(1 , r' 

M J 

Kf.il 

Ml, 


1 Kp 

0 


O.uoo 

0.000 

INF INI TF. 

-1.258 

- 3 3. 342 

-33.342 

INF INI TL 

296* 

15 

6*666 

8. 700 

H • 700 

0.000 

-33.600 

-3 *.105 

24 

.266 

300 


8.919 

8.755 

8.700 

0.016 

- 33 . 599 

-33.102 

24 

• 1 14 

400 


10.137 

1 J .509 

9.06 / 

0.977 

-33.404 

-32.953 

18 

.004 

iOO 


10.793 

1 3.848 

9.790 

2 .026 

- * *- 36 3 

-32.835 

14 

• 351 

600 


1 1 .228 

15.856 

10.64 3 

3.128 

-33.258 

-32 . 740 

11 

.925 

700 


1 1 .559 

17.613 

11.515 

4.268 

-33.171 

— 32 . 660 

10 

• 196 

800 


11.835 

19.175 

12. *7 7 

5.430 

-33.090 

-32.593 

8 

.904 

000 


12.0/8 

20.58 3 

1 *.21/ 

6.634 

- *3.037 

- * 2.533 

7 

• 900 

1000 


1 2.301 

21.867 

14.014 

7.853 

-32.981 

-32.481 

7 

.098 

1100 


12.511 

23.050 

1 4. 782 

9.094 

-32.930 

-32.432 

6 

• 443 

1?00 


12.712 

24. 147 

15.518 

10. 35 5 

-32.861 

-32.390 

5 

• 899 

1300 


12.907 

25. 1 72 

16.22 1 

11.636 

- 32.835 

-32.351 

5 

• 438 

1400 


1 3.097 

26. 1 35 

J 6.895 

J /.936 

-32. 787 

-32.313 

5 

• 044 

1560 


i 3.283 

2 7.045 

1 7.542 

1 4 . 2 5 J 

- *2. 737 

-32.283 

4 

• 703 

1600 


1 3.468 

27.909 

1 8 . i 6 3 

1 5.59 3 

-32. .84 

-32.254 

4 

• 406 

1 700 


1 3.650 

28. 7 31 

18 . 761 

16-949 

— * 2 .026 

-32.230 

4 

• 143 

1 flOO 


13.830 

29.516 

19.337 

1 8. 323 

- *2.565 

-32.209 

3 

.910 

1900 


14.010 

30.266 

1 9.a9/ 

19.715 

-3/ .499 

-32.188 

3 

.702 

?000 


14.106 

30.992 

20.429 

2 1 . 1 2 5 

-32.427 

-32 . 1 74 

3 

• 516 

2100 


14.366 

31 .688 

20.949 

22 .552 

-32. 350 

-32 . 164 

3 

.34 7 

??oo 


14.543 

32.361 

2 1 .45/ 

2 3.99 8 

-32.267 

-32.157 

3 

• 194 

2300 


14.719 

3 3.01 1 

21.941 

25.461 

-32.1 78 

-32.156 

3 

• 055 

2400 


14.895 

33.641 

22.415 

26.942 

-32.004 

- 32.155 

2 

*y26 

2500 


15.0 71 

34.253 

21,617 

/8.440 

-31.983 

-32.160 

2 

.811 

2600 


15.246 

34.847 

23. 326 

29.956 

-31.8 77 

-32.1 70 

2 

• 7U4 

2700 


1 ‘*.421 

36.426 

2 1 . 76 3 

1 .489 

- 3 1 ,764 

- *2.182 

2 

• 605 

2741 


15.492 

3 •* . 6 5 9 

2 3.9*9 

*2.123 

- *1 .715 

-32. 188 

2 

* 5 66 

2741 


15.492 

3 . 6 5 9 

23.939 

32.123 

-38.1 15 

-32.188 

2 

. 5 66 

2800 


15,595 

54 . 990 

24.190 

33.040 

-38.025 

-32.063 

2 

.502 

2900 


15.770 

36.540 

24,606 

34.608 

- *'/.06l 

-31.851 

2 

• 4U0 

300C 


1 S • 944 

3 7.078 

25.013 

<6.194 

-37,600 

-3 1 .650 

2 

• 306 

3100 


16.1 18 

37.603 

2 5 . 4 1 i 

37.797 

-37.403 

- 31 .452 

2 

.217 

3200 


16.292 

38.118 

2 5.800 

39.41 7 

-3 7./7i 

- 3 1 . 20 i 

2 

• 135 

3300 


1 6 • 466 

18 .622 

26.181 

41 .055 

- 3 *• . : 4 * 

-31.079 

2 

.058 

3400 


1 6 « 640 

39.116 

26.554 

42. 71 1 

-3b. 

-30.897 

1 

• 906 

3500 


16.813 

39.601 

26.920 

44. JkbJ 

— * 6 . 5 

-30. 730 

1 

• 919 

3600 


16.98 / 

40.077 

27.2 1^ 

46 « 0 7 3 

-36.263 

-30.569 

* 

• o56 

3700 


17.1 bO 

40.545 

27.631 

47. 781 

-3^ .971 

-30.414 

1 

• 796 

375 3 


^ 2 

_4 0 • 7 P 9 

27.81 5 

_40.b9 * 

*5.810 

,-30. 335^ 

1 

• 766 

3753 '“ 


1 7.252 

4 (> « 6 5 1 

2 7.61 5 

70.69 » 

- 1 * . 8 1 0 

-30.335 

i 

• 766 

3800 


1 7*2‘}2 

46.866 

/b.049 

7 1 . 50 » 

- 1 3.666 

-30.541 

1 

• 7 50 

3900 


17.25/ 

4 7. 3 1 <4 

28.5*8 

73.229 

-13. 35-^ 

-30.995 

1 

.737 

4000 


1 7.252 

4 7 . 75 4 

2 9.01/ 

74 . 9‘v4 

-1 3.054 

-31.444 

i 

• 7 1 0 

4100 


1 7.252 

48.1/7 

29.47:? 

"7 0 . 6 7 9 

- i 2 . / 5 1 

- 3 1 . 9 1 1 

1 

.70i 

4200 


1 7.252 

4b . 5 3 

2 9 . 5 

7 0 • 404 

-12.4 >0 

-32.382 

1 

• 605 

4300 


1 7.25/ 

4 « , 9 <9 

30 • 3f>** 

rtO. J /9 

- k ^ • k J i 

-32 • ooO 

1 

.6 70 

44 OO 


1 7.252 

49 . 395 

* 0 - 7 9 c 

81 -855 

-1 1 .652 

- J * • * 4 r 

i 

• 656 

4500 


1 7 . 2 5 2 

4*4 • 7 8 3 

M . 1 0 

8 < . >m0 

-1 , . 556 

- ■* 3 , 0 3 9 

1 

• 64 3 

4600 


1 7.252 

50.16/ 

31.618 

85. *05 

-11 .262 

- 1 • 3 3 6 

1 

• b 3 1 

4700 


1 7.252 

5 0 . '* * ♦ 

32.016 

6? •0^0 

-10.969 

14,841 

1 

.6.0 

4000 


1 7.252 

50 .8 96 

*2.406 

66* 7 5 -i 

-10.679 

- 3 '1 . J 5 < 

1 

• 6 i 0 

4900 


1 7.252 

51 .252 

*2. 78 7 

90.481 

-lO. 389 

- 15, 869 

1 

• 6 00 

5000 


1 7.252 

51 .601 

* 1 . 1 5 V 

9 / . < v)0 

-10. 102 

-36. *90 

i 

. 59 * 

5031 • 

5b 

1 7.252 

51.709 

» J.2 7o 

y / • 7 1 

-10.012 

-*'>•624 

1 

. 5>' 1 

503 1 • 

5tt 

1 7.252 

5i • 709 

33 . 2/0 

9 ^ . 751 

- 4 /* ■ j85 

- 30 , Ofc 4 

* 

• 59 . 

5100 

1 7.252 

5 1 . 942 

» ' . 5 2 •* 

■y » • 9 3 1 

- 1 72 .4 3 3 

-34.768 

1 

• 490 

5200 


1 7.252 

52 .2 7 7 

i ■>.88/ 

95.656 

-1 72.21 7 

- *2.0 7 1 

1 

• 340 

5 300 


1 7 .252 

52.606 

*h.23.. 

9 7. >8 1 

-1 72.008 

-2^y. 38 1 

1 

• 2 i 1 

5400 

5500 


1 7.252 

52 .9/8 

* 4 . 5/5 

99.107 

-1 7 1 .805 

—26.688 

1 

• 080 


1 7 252 

53 . /45 

*4,91 

1 00.8 */ 

-1/1.61/ 

- 2 4 , 0 C 8 

0 

. 954 

5600 

5700 

5000 

5900 

6000 


1 7.252 
17.252 

1 7.252 

1 7.252 

1 7.252 

5 3.556 

. 86 1 
54.161 
• 4 *16 

-»4 . 746 

*5.24. 

1 ** • 56 6 
*5.864 
36.190 
*6.50 * 

I 02. 55 7 
104.28. 

1 06.00 7 
i07. 733 
109.458 

-171. 4/4 

-1 71 .244 

1 71 .07u 
-1 70-901 
-i 70- 739 

-2 1 . 330 
- 1 P . 64 9 
- 1 5,968 
-13.298 

-10.632 

0 

0 

0 

0 

0 

.832 
.715 
• 602 
.493 

• 3 8 7 
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NIOBIUM CARBIDE (NbC) 


(CONDENSED PHASE) 


gfw a 104.921 


IS = -33.6 kcal gfw** ^ 298 . 15 = 8-7 caI dag K"* gfw** 

Tm = 37S3*K a 22.000 kcal gfw** 

^298. 15 “*^"** kcal gfw“ * 

Cp= 10.79> 1.726x10-3t-2. 1 5x lO^T"^ caldeg K* * gfw* 

298. 15*K < T < 1840*K 


Structure 

Cubic NaCl Bl-type with a variable range of homogeneity. 
Heat of Formation 


Combuetlon data reported by Huber et al* have been ueed. 

Heat Capacity and Entropy 

Low^temperature data are estimated. High>temperature data of Gel'd and 
Kosenko are extrapolated Co the melting points Heat capacity of liquid is esti- 
mated equal to the heat capacity of solid at the melting point. 

Melting and Vaporization 

Heat of fusion is estimated. 
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NigBIUM wARdlOE (NbC) (CdNOtNitU PHAbt J 

bOMHAH Y dF unC £«TAiNrY > t.bl t MAlcb 


of ■ ■ iOA •y*; 



r 

— 

— 

L.l % 



Kt.l 

X 


' P 


'T 

T - 


M 

1 - 

298.1 S 

A 

0.500 


0.500 

A 

0.500 

A 

0.000 3 0.000 

1000 

± 

0.500 


1.105 

A 

0. 754 

A 

0. J51 

1000 

A 

1 .000 


1.105 

A 

0. 75<. 

A 

0. 351 

2000 

A 

1 .000 


1 . 798 

A 

1 .123 

A 

1 .351 

3000 

A 

1.000 


2.204 

A 

1 .420 

A 

2. 351 

3753 

A 

1 .000 


2.420 

« 

1 .601 

A 

3.104 

3753 

A 

2.000 


3.760 

A 

1 .601 

A 

8.104 

40CO 

A 

2.000 


3.087 

A 

1 .YStf 

A 

8.590 

5000 

A 

2.000 


4.3 34 

A 

2.214 

A 

iO.590 

6000 

A 

2.000 


4.6ve 

A 

2.599 

A 

12.590 
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TABLE 11^ 


diniohujm c arbide condensed phase CN 

Referenn- Slate for LalrulaHriK \hJ . M-, ■ and Log Kp Solid Nb from 0* to 2741*K. 
Liquid Nb from Z74l“ to S032*K. Gaseous Nb from S0J2‘ to 6000'K, 

Solid C. Solid Nb^C from 0* to 


’ % 

f 

1^ 

- < nl X K*' 

•'1 '» 

1 »M)h' 1 ' 

- 'Ow 


'•f 

‘ Kp 

0 

0.000 

0.000 

INf INI TL 

-2.472 

>46.292 

-46.292 

INFlNlTt 

?9e. lb 

14.468 

16.000 

16.000 

0.000 

-46.600 

-45.599 

33.423 

)0o 

14.b02 

16.090 

16.000 

0.02 7 

-46.599 

-45.592 

33.212 

460 

15.799 

20.460 

16.58 7 

1.549 

-46.523 

-45.267 

24.731 

90O 

16.S6C 

24.073 

1 7.734 

3.169 

-46.440 

-44.964 

19.653 

600 

I 7.1 11 

27.143 

19.052 

4.854 

-46. 3/1 

-44.675 

16.272 

700 

1 7.562 

29.815 

20.403 

6.588 

-46. 318 

-44.397 

13.661 

SOO 

1 7.«^60 

32.166 

21 . 731 

8.36 5 

-46.276 

-44.126 

12.054 


18.327 

34. 323 

23.01 3 

iO.l 79 

-46.245 

-43.859 

10.650 

1000 

18.675 

36.2 72 

2*. . 24 i 

12.029 

-46.215 

-43.597 

9.528 

1100 

19. 01 1 

38.068 

25.419 

1 3.914 

-46.187 

-43.334 

8.609 

1200 

19.338 

39. 736 

26.543 

15.831 

-46.1 56 

-43.077 

7.645 

1 ^00 

19.659 

41 .297 

27.619 

17.781 

-46.129 

-42.822 

7.199 

1400 

1 9.97S 

42. 765 

28.649 

19.763 

-46.095 

-42.567 

6.645 

1500 

20.209 

44.154 

2 9.63 7 

21.776 

-46.056 

-42.317 

6.165 

16'^0 

2U.600 

45.473 

30.586 

23.821 

-46. J1 1 

-42.070 

5.746 

1 700 

20.909 

46.732 

31 .499 

25.896 

-45.958 

-41.826 

5.377 

leoo 

21.217 

47.935 

32.379 

28.002 

-45.899 

-41.585 

5.049 

1900 

21 .523 

49 .0 Vl 

3 j.22d 

30.139 

-45.832 

-41.345 

4.755 

2000 

21 .829 

50.203 

34.049 

32 • 30 7 

-45.755 

-41.110 

4.492 

2100 

22 . 1 34 

51.275 

34.844 

34.505 

-45.670 

-40.880 

4.254 

2 200 

22.43H 

52 . 312 

35.615 

36.7 34 

-45.576 

-40.658 

4.039 

2300 

22. 741 

51.316 

36. 362 

38.993 

- 45.473 

-40.434 

3.642 

2««00 

23.044 

54.290 

3 7.08 ? 

41 .282 

-45.363 

-40.218 

3.662 

2 *>00 

23.347 

55.217 

37.79b 

43.601 

-45.242 

-40.002 

3.497 

2600 

23.650 

56. 1 58 

36.485 

45.951 

-45. 1 1 3 

-39. 798 

3.345 

2 700 

23.952 

57.057 

39. i 5o 

.8.331 

- 44.973 

-39.596 

3.205 

2 74 1 

24.0 76 

57.419 

19.42 7 

49. 3i6 

-44.912 

-39.517 

3.131 

2 74 1 

24.076 

‘-7,419 

39.427 

49.316 

-57.712 

-39.517 

3.151 

2 6 00 

24. 254 

‘• 7.933 

39.811 

SO. 74 < 

-57.585 

-39.124 

3.054 


24 . 556 

58. 790 

40.451 

53 . 182 

-5 7. 349 

-38.468 

2.699 

300C 

24.857 

59.627 

41.076 

55.053 

-57.083 

-37.825 

2.755 

3100 

25.159 

60.447 

4 » • b6 d 

58. 154 

-56.788 

-37.165 

2.621 

3200 

25.460 

61.251 

42.28 7 

60.685 

-56.^ >5 

-36.562 

2.497 

3300 

25. 761 

62 . 0 j'l' 

42.873 

• * . 246 

-5t . . > *• 

-35.944 

2.380 


25. '>5 1 

t 2 . 5 2 6 

43.237 

64.875 

-55. 8 ^ t 

-35.563 

2.311 


DINIOBIUM CARBIDE (Nb^C) (CONDENSED PHASE) gfw= 197.831 

^1298. 15 = -46.6 kcal gfw-1 S 298 . 15 = 16.0 cal deg K** gfW * 

= T (peritectic) = 3363 *K 
^298. 15 * Ho - 2.472 kcal gfW* 

Cp= 15.88+ 3.0x 10*^T-2. 050 x 10^ T-2 cal deg gfw-1 

298. 15*K < T < 1890 ‘K 

Structure 

Hexagonal close-packed type with a variable range of homogeneity. 

Heat of Formation 

Huber et al^ have used bomb calorimetry to obtain the heat of formation. 
Heat Capacity and Entropy 

Entropy at 298. 15*K has been estimated. High-temperature heat-capacity 
data of Gel'd and Kusenko^ have been eictrapolated to peritectic temperature. 
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OINI0BIUH CAHblOt (Nb^C) K0NUtN^>LU PHASt » 

^UH MARy ^ UN Ct HTAiNT Y cbl IH ATt b 


oFm • 197.831 
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' r 


-.1 K irl. 

'T •' 

1 

I 

298.1 b 

♦ 

O.bOO 

t 

1 .iuo 

» 

1 .boo 

1000 

k 

O.bOO 

k 

2.10*. 

I: 

i . 7bA 

1000 

k 

1.000 

k 

2.10b 

k 

1 . Ih** 

2000 

k 

1 .000 

k 

2.7VH 

» 

2.12 3 

2000 

k 

] .oou 

k 

2. 7V8 

k 

2.12 3 

3000 

k 

1.000 

k 

3.20«» 

k 

2.4,20 

3363 

k 

1 .000 

k 

3.31b 

k 

2.bl 1 


‘"r ' "K 

t- 0*U0Q , 

t 0. 3b 1 
» 0.3bl 

1 i . 3bl 
t 

* 2 ; - 3b 1 
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TABLE in 


0 

0.000 

296.15 

6.416 

300 

6.472 

kOO 

6.423 

500 

9.424 

600 

10.031 

700 

10.501 

BOO 

10.857 

900 

11.159 

1000 

1 1.426 

1100 

11.671 

1200 

11.901 

1 300 

12.1 21 

1400 

1 2. 332 

1500 

1 2.5 3fl 

1600 

12.740 

169C 

12.916 

1690 

12.916 

1 700 

12.938 

1600 

13.134 

1 900 

1 3.327 

2000 

. 3 . 1 9 

2100 

1 3.709 

2200 

13.899 

2300 

14.087 

2400 

14.275 

2500 

14.462 

2600 

14.646 

2700 

14.634 

2800 

1 5.020 

2900 

15.205 

3000 

15.390 

3100 

1 5. 5 74 

3103 

15.900 


I 


0.000 

INFINITE 

3.970 

3.970 

4.010 

3.970 

6.175 

4.252 

6.173 

4.840 

9.950 

5,547 

1 1 .535 

6.291 

12.961 

7.037 

14.257 

7.798 

15.447 

8.478 

16.548 

9.162 

17.573 

9.821 

18.535 

10.454 

19,441 

1 1.064 

20.299 

11.6*^! 

21.114 

12.218 

21.816 

12.710 

21.816 

12.710 

21.893 

12.764 

22 .638 

13,29? 

23.3*3 

13.803 

2<. .041 

14.298 

24 . 706 

14.777 

25 . 346 

15.243 

25.970 

15,696 

26.573 

16.137 

27.160 

16.566 

27. 7 U 

16.965 

28.287 

17.393 

26.830 

17.792 

29.360 

16.182 

29.879 

18.563 

30. 386 

18.936 

30.401 

18.947 


-0.781 

-16.260 

0.000 

-16.500 

0.012 

-16.501 

0.769 

-16.498 

1.666 

-16.469 

2.642 

-16.445 

3.671 

-16.432 

4.739 

-16.428 

5.840 

-16.431 

6.970 

-16.436 

8.125 

-16.443 

9.303 

-16.450 

10.505 

-16.455 

1 1.727 

-16.456 

12.971 

-16.453 

14.235 

-16.444 

15.389 

-16.^ '0 

15.389 

-28.380 

15.519 

-28.377 

16.822 

-28. 356 

18.145 

-28. 326 

19.488 

-29.285 

20.849 

-28.226 

22.230 

-28.152 

23.629 

-28.060 

25.047 

-27.953 

26.484 

-27.827 

2^.939 

-27.687 

29.41 3 

-27.528 

30.906 

-27. 352 

32.4 17 

-27.160 

33.94 7 

-26.951 

35.495 

-26. 724 

35.542 

-26. 716 


-16.260 

INFINITE 

-15.928 

11.675 

-15.924 

1 1 .600 

-15.731 

8.594 

-15.542 

6.793 

-15.360 

5.595 

-15.180 

4.739 

-15.002 

4.098 

-14.823 

3.599 

-14.645 

3.201 

-14.465 

2.674 

-14.286 

2.602 

-14. 104 

2.371 

-13.923 

2.173 

-13.741 

2.002 

-13.562 

1.852 

-13.399 

1.733 

-13.399 

1.733 

-13.311 

1.711 

-12.425 

1.509 

-11.541 

1.327 

-10.660 

1 .165 

-9.778 

1 .018 

-8.901 

0.884 

-8.031 

0.763 

-7.162 

0.652 

-6.298 

0.551 

-5.440 

0.457 

-4.588 

0.371 

-3.740 

0.292 

-2.902 

0.219 

-2.067 

0.151 

-1.242 

0.088 

-1.215 

0.086 


HLS 


December 1 


SILICON CARBIDE 


CONDENSED PHASE 


CSi 


Log K Solid Si from 0 to 1690 ‘K. 

^ ^ K. G«««ou, Si from J566* to boJo’K, Solid C. Solid SiC from 0 * to SI03*K 


t.*k 




-cml/^K gfw 

Sj -<hj ■ 


«)/T 




.Kcmt/gfw^ 

AMf 




Lof Kp 
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SILICON CARBIDE {fi-SiC) 


(CONDENSED PHASE) 


gfw = 40. 101 


J98. 15’ -16. 5 kc«l gfw-» 50,8 ,5 O. 97c»l degK-*gfw-* 

Tper.fcuc ^ 

“298. 15 -“O ° 

Cp - 9. 97 ♦ 1. 82 X 10‘^T-J. 69 X lO^T'^cal cl«gK''gfw'* 298. 1 T < 31 

Structure 

P-SiC has a cubic structure. The temperature of transformation to the high 
temperature, i. e. , hexagonal or oeform of SiC, is ill defined. Present table 
gives data for only cubic-SiC, but data for hexagonal SiC are probably not very 
different. 

Heat of Formation 


A variety of calorimetric, Sl-C-O equilibria, vaporization, suiubilitv, and 
phase-diagram data reviewed. Final choice based on Si-C-O equilibria. ^ 

See volume 1, this report (section IVB25. 2) for details. 

Heat Capacity and Entropy 

Low-temperature data from Kelley and King. ^ High-temperature data 
from Kelley. ^ 

Melting and Vaporization 

Peritectic decomposition value from Scace and Slack. ^ 
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silicon carbide (SiC) ICBNOeNSED PHASE) 

SUMMARY 0r uncertainty ESTIMATES 


GEw • 40.101 




n — 


-cal K ffw . 


\ 

r — r 

T.*K 


s 


vr -n 

T ■ ”2')§ 



290.15 

* 

0.100 

A 

0.020 A 

0.020 

A 

0.000 

1000 

* 

O.IOC 

A 

O.Ul A 

0.071 

A 

0.070 

1000 


0.500 

A 

C.Ul A 

0.071 

A 

0.070 

2000 

± 

0.500 

A 

0.A9B A 

0.202 

A 

0.570 

200C 

± 

2.000 

A 

0.486 A 

0.202 

A 

0.570 

3000 


2.000 

A 

1.299 A 

0.4A2 

A 

2.570 

3103 


2.000 

A 

1.366 A 

0.471 

A 

2.776 


. K. .1 

\u, 
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K 
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I AI.Ll III 


TAN I'ALUM CAH HIHK fX)N|>l,NSI,l; PMASK CJ3 

Keferenc *. State for C.Al, ul.itinx Mi,. \i,, nn.t I.ifrfw,. 0 " to J^70*K, 

L^iquid Ta from 127ij tti S7t)^j“K, Ci ts«?oitN f Irorn S70G" to G0()0“K, Solui C, 




Sohd laC 

frdni 0* td 

12M’K, r.i(^ 1 roiTi 

4 273* td 

600(1* K 


T."K 


n — 
S' 

L.i ' K , 


Hj - H 29 H 

_ Kl ml/gtm, . 

3h; 

■ 

Kp 

6 

19 

0.000 

o.ooo 

iNTlNlTt 

- 1.997 

- 34.947 

- 34.947 

infinite 

29 ® • 

8.790 

10.110 

lo.iio 

0.000 

- 34.600 

- 34.291 

29.i66 

500 


6.624 

10.164 

lO.liO 

0.016 

- 34.999 

- 34.249 

24.949 

^00 


10.116 

12.901 

10.479 

0.971 

- 34.909 

- 34.146 

18.699 

500 


10. 862 

15.245 

1 1.200 

2.022 

- 34.410 

- 34.066 

14.890 

600 


11.391 

17.274 

12,047 

3.136 

- 34.316 

- 34.007 

12.386 

700 


11.617 

19.063 

12.924 

4.297 

- 34.229 

- 33.962 

10.603 

eoo 


12.189 

20.665 

13.793 

9.498 

- 34.143 

- 33.930 

9.269 

900 


12. 929 

22.121 

14.639 

6.734 

- 34.094 

- 33.908 

8*234 

1000 


12.890 

23.458 

19.499 

8.003 

- 33.997 

- 33.898 

7 . 4O8 

1100 


13.198 

24.697 

16.239 

9.303 

- 33.849 

- 33.896 

6.734 

1200 


13.457 

25.855 

16.993 

10.634 

- 33.729 

- 33.906 

6*179 

1 300 


13.750 

26.943 

17.717 

11.994 

- 33.597 

- 33.927 

9*763 

14»00 


14.038 

27.973 

18.413 

13.384 

- 33.448 

- 33.956 

9 « 30 l 

1500 


14.323 

28.951 

19.083 

14.802 

- 33.287 

- 33.998 

4*993 

1600 


1 4 . o 06 

29.889 

19,729 

16.248 

- 33.110 

- 34.091 

4.691 

1 700 


1 4.886 

30.779 

20.353 

17.723 

- 32.919 

- 34.119 

4*366 

1 600 


15.166 

31 .637 

20.956 

19.226 

- 32.706 

- 34.191 

4*191 

1 900 


15.444 

32.465 

21.941 

20.796 

- 32.481 

- 34.283 

3*943 

2000 


^ ^.721 

3^.264 

22.107 

22.314 

- 32.243 

- 34.384 

3.797 

2100 


15.997 

34.038 

22,657 

2 3.900 

- 31.990 

- 34.497 

3*990 

2200 


16.2 72 

34 . ; 8 e 

23.191 

29.914 

- 31.729 

- 34.620 

3*439 

2300 


16.547 

35.918 

23.711 

27.199 

- 31.490 

- 34.799 

3*303 

2600 


16.822 

36.228 

24.218 

28.823 

- 31.167 

- 34.910 

3.179 

2900 


17.096 

36.920 

24. 712 

30.519 

- 30.881 

- 39.070 

3.066 

2600 


17. ^70 

37.996 

25.195 

" .242 

- 30.990 

- 39.249 

2.962 

2700 


17.644 

38.257 

25.667 

33.993 

- 30.306 

- 39.429 

2.668 

20 CO 


17.91 7 

38.903 

26.128 

39.771 

- 30.036 

- 39.625 

2.781 

2900 


18.190 

39.537 

26.579 

37.576 

- 29.793 

- 35.827 

2.700 

3000 


18.463 

40.198 

27.022 

39.409 

- 29.989 

- 36.043 

2.626 

3100 


18.736 

40.768 

27.455 

41.269 

- 29.420 

- 36.299 

2.996 

3200 


19.008 

41 .367 

27,881 

43.196 

- 29.307 

- 36.482 

2.491 

3270 


19.199 

41 . 780 

28.174 

44.493 

- 29,242 

- 36.637 

2.449 

3770 


19.199 

41.780 

28.174 

44.493 

- 39 . 

- 36.637 

2.449 

3300 


19.281 

41 ,956 

26.298 

45.071 

- 39 . 8 . ^ 

- 36.646 

2*427 

3400 


19.553 

42.536 

28.708 

47.012 

- 39. 34 ' 

- 36.677 

2.397 

3900 


19.826 

43.106 

29.112 

48.981 

- 34.836 

- 36.725 

2*293 

3600 


20.098 

43.669 

29.508 

90.978 

-34 303 

- 36.785 

2*233 

3700 


20.370 

44.223 

29.890 

93.001 

- 33.746 

- 36.861 

2*177 

3800 


20.642 

44.770 

30.283 

95.092 

- 33.162 

- 36.996 

2*129 

3900 


20.914 

45.310 

30.661 

97.129 

- 32.994 

- 37.069 

2*077 

4000 


21.186 

45.843 

31.034 

99.234 

- 31 .919 

- 37.188 

2*032 

4100 


21.458 

46.369 

31.402 

61.367 

- 31.298 

- 37.331 

1*990 

4200 


21.730 

46.669 

3 1 • 764 

63.926 

- 30.673 

- 37.461 

1 *990 

4271 . 


21.929 . 

47.265 

32.026 

69.120 

- 30 . C 

- 37.608 

1*923 

4273 


16.000 

53.116 

32.026 

90.120 

- 9.096 

- 37.608 

1*923 

4 300 


16.000 

53.217 

32.150 

90.992 

- 9.023 

- 37.812 

1*922 

44OO 


16.000 

53.589 

3 ?. 64 i 

92.192 

- 4. >00 

- 38.978 

1*916 

4900 


16.000 

: 3.944 

33,111 

93. 792 

i .. /79 

- 39.347 

1*911 

4600 


16.000 

94.296 

33.567 

99.392 

- 4.660 

-*. 0.11 1 

1*906 

4 700 


16.000 

94.640 

34,012 

'> 6.992 

- 4.542 

-« 0 . 8 B 4 

1*901 

4600 


16.000 

54.977 

34.445 

ya .592 

- 4.427 

- 41.696 

1 .897 

4900 


16.000 

59.307 

34.866 

100.192 

- 4.313 

- 42.440 

1 *693 

9000 


16.000 

99.630 

35.280 

101.752 

- 4.201 

- 43.220 

1*889 

9100 


16.000 

99.947 

35.682 

103.392 

- 4.092 

- 43.994 

1*889 

9200 


16.000 

96.298 

36.075 

104.992 

- 3.984 

- 44.782 

1*882 

9300 


16.000 

96.962 

36.458 

106.592 

- 3.876 

- 49.566 

1*879 

9400 


16.000 

96.862 

36.833 

108.192 

- 3.774 

- 46.390 

1*876 

9900 


16.000 

97.199 

37.260 

109.792 

- 3.679 

- 47.146 

1«873 

9600 


I6.OOO 

97.443 

37.559 

111.352 

- 3.973 

- 47.934 

1*871 

9700 


16.000 

97.727 

37,91 1 

112.952 

- 3.476 

- 48.730 

1 *868 

9 706 < 
9706 
9800 

»69 

.69 

16.000 

16.000 

16.000 

97.749 

97.749 

96.009 

37.934 

37.934 

38.259 

11 3.058 
113.098 
114.952 

- 3.469 

- 184.692 

- 184.797 

- 48.787 

- 48.787 

- 46.960 

1 « 866 

1 *868 

1 .794 

9900 

6000 


16.000 

16.000 

98.278 

98.947 

38.592 

38.922 

116.192 

11 7.792 

- 184.832 

- 184.912 

- 44 . 162 
- 41.794 

1 *63 r 
1*922 
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TANTALUM CARBIDE (TaC) 


(CONDENSED PHASE) 


gfw - 192. 961 


''”f298. 15 • 0-9 *»*-' S *,8 ,5 • 10 . 1 1 c.l degK'l gfw'* 

T„, = 4273'K AH^ = 25. kcal gfW* 

H- - HX * 1. 557 kcal gfw* 

298. 15 0 * 

Cp« 10 . 347 ♦ 0 , 00 2713 IT -2. 1033 x I O^T cal d«g K " ^ gfw“* 298. 1 S*K < T < 4273*K 

C* * 16. 0 cal dag K'^ gfW* 4273*K < T < 6000-K 

Structure 

TaC exists In a f. c. c. structure with variable homogeneity range. 


Heat of Formation 

Heat of formation is from Huber et al. ^ 

Heat Capacity and Entropy 

Low- temperature data of Kelley^ was used. High-tempe rature data of Neel, 
et al^ and Mesaki^ was combined by Shomate method and extrapolated to melt- 
ing point. Data above melting point was estimated. 

Melting and Vaporisation 

Heat of fusion was estimated. 


References 


1. Huber, E. .1. Jr., *1* Pbys. Chem. 67 , 793 (19b3). 

2. Kelley. K. K. . J. Am. Chem. Soc. 818 (1940). 

3. Neel, D. S. . ^t aj, WADD TR 60-924 (1962). 
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.Kcai/|irv. 

t.*k 

s 

Sj AFj - 

”j9S>^T - ”29S 

AH, 


29S.15 

sO.500 

A0*080 

40*060 

40*000 

40. 900 

1000 

a 0*500 

40*685 

40*334 

40*351 


1000 

a 2*000 

40*665 

40*334 

40*351 


2000 

* 2*000 

42.071 

40*896 

42*351 


3000 

s 2*000 

42.882 

41.432 

44.351 


AOOO 

a 2*000 

4 3*458 

41*870 

46*351 


A273 

a 2*000 

4 3*590 

41.976 

46*897 


4273 

a 3*000 

44.760 

41*976 

411*897 


5000 

a 3*000 

45*231 

42*416 

414*076 


6000 

k 3.000 

4 5.778 

42.932 

4 17*078 
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1)1 1 AN I AMJM CARlUni 


'I AMI !■ i I s 


(.( iNDLNSM) PHASf 

Ri'loi f.u r Sljl,. lor C iW uUtniK \ M, . \ I .,n.l Solirll^ froinO* to J270"K, 

1.1 from J*l7r)‘* i,. S7i)»,“K. I , frf.it. S707,* i., bOOO'K, 

S'llirl froin O" lo i/7i‘K 


CTa2 





r. 


Ki il flw 



1 . ■ K 

‘ 1 

'■ ? 

n , 1. i' 

^1, 

Ml, 



0 

?9e* 1 s 

0.000 

14.667 

0.000 

19.600 

INF INI T£ 

1 9. '.00 

-2. 729 
0.000 

-46.9bl 

-47.200 

-46.961 

-46.693 

INF|^4IT^ 
34 .226 

300 

14.601 

1 9 .690 

1 9. 600 

0-027 

-47. 1 99 

-46.690 

34.012 

400 

16.911 

71.991 

20.092 

1.661 

*-47.149 

-46.528 

25 .420 

^oo 

16. 7?6 

27.619 

21.247 

3.196 

-47.099 

-46.378 

20*271 

600 

1 7.109 

10. 74? 

22 *67 7 

4 .099 

-47.05fl 

-46.239 

16.042 

700 

17.793 

11.448 

21.941 

6-665 

-47.025 

-46. 1 O 4 

14.194 

flOO 

lfl.2?4 

1 6 . ft 6 2 

26.2fl2 

8.466 

-46.996 

-45.975 

12.559 

QOO 

18.624 

18.022 

26.679 

10.290 

-46.960 

-45.ft49 

11*131 

1 000 

1 9.00S 

40.004 

27.R24 

12. 180 

-46.916 

-45.710 

9*^94 

1 100 

19.174 

4] .811 

29.016 

14.099 

-46.058 

-45.614 

9*062 

1 ?on 

19.714 

41.614 

10.166 

16.064 

-46.789 

-45.503 

8*207 

1 3^'0 

20.0Bfl 

44.127 

11.246 

18.046 

-46. 705 

-45.399 

7.632 

! l<.0O 

20.417 

46.629 

12. 292 

20.072 

— *.6 . 604 

-45.102 

7.072 

j 1 

? 0 . 7 R 4 

48.061 

11.296 

22. 1 11 

-46 493 

-45.214 

6.507 

1600 

21.128 

49.40? 

14.260 

24.228 

-a6. 166 

-45.1 3 1 

6.164 

1 1 700 

21.4 7^ 

» 0.6 9<, 

16.109 

26.168 

-46. 222 

-45.058 

5.792 

1 1 BOO 

21 .81 1 

61.9 11 

36.006 

2B.622 

-46.067 

-44.991 

5.463 

j 1 or 0 

■'2.160 

' 3.119 

36.961 

30.720 

-45.897 

-44.94 1 

5.169 

; ?ooo 

i 

2 2 . 4 R 9 

‘-4.264 

17. 708 

32.962 

-45.720 

-44.896 

4.906 

1 ?10o 

2 2 . P 2 7 

66.170 

1ft. 699 

35.210 

-45.513 

-44.859 

4 . 666 

! 7?oo 

21.164 

66.419 

39. 3«6 

37.610 

-46. 140 

-44.820 

4.453 

r 300 

2 3.600 

67.476 

40.160 

39.051 

-45.147 

-44.810 

4.256 

! :40o 

2 . 8 3 6 

60.404 

40.091 

42.21 ft 

-44.956 

-44.802 

4.080 

I ?sco 

2 •* . 1 7 2 

69.464 

41.616 

44.61ft 

-44 . 779 

-44.797 

3.916 

1 

1 0600 

24.608 

60.418 

42. 121 

47.062 

-44.610 

-44.H03 

3.766 

I .’7^''' 

24 .843 

61 . 349 

41.009 

49.520 

-44.476 

-44. BIO 

3.627 

1 ?ono 

2 . 1 7 8 

62 . 2' 9 

4 1.680 

52.021 

-44.190 

-44.828 

3.499 

! ?'?0n 

2 S . M 1 

63 . 1 4R 

44. 336 

54.565 

-44.176 

-44.842 

3.379 

3000 

26.847 

64.019 

44.970 

57.123 

-44*451 

-44.863 

3.268 

3 IOC 

26.192 

64.072 

46.606 

69.725 

-44.615 

-44.872 

3.163 

3200 

26.616 

66 . 70fl 

46.221 

62. 169 

-44.941 

-44 .874 

3.065 

3270 

26.7S0 

66. 20^^ 

46.644 

44.224 

-4' . . ' 3 

-44.865 

2*998 

3?7'^ 

26. r-^o 

66.2PS 

46.644 

64. 224 

-50.' ' 

“44 . 865 

2.998 

3 300 

26.860 

66.629 

46.024 

65.028 

-58.5 

-44.746 

2.963 

14.00 

27.184 

67.136 

47.416 

j>7,729 

-60.1 32 

-44.314 

2.850 

1600 

2 7 . M P 

68 . 129 

4 7. 996 

70.466 

-57.709 

-41.931 

2.743 

1600 

27.062 

68.909 

40.566 

71.233 

-67.265 

-43.546 

2 .643 

3700 

26.106 

69.676 

49.126 

76.015 

-56.769 

-43.171 

2.550 

1773 

20.430 

70.229 

49.529 

7fl. l02 

-56.39? 

-42.903 

2 .405 


I 5 * 1 ^ -lUrfS. 
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DITANTALUM CARBIDE (Ta2C) (CONDENSED PHASE) 


gfw = 373. 91 1 


^f298. 15 = 2 * 3.4 kcal gfw* ®298. 15 = >9. 5 ± 1 cal dogK"* gfw** 

^npi “ '^peritectic “ 3773 "K 

»298. 15 -”5 = 2. 729 kcal gfw* 

Cp* 15.88+ 3.33 X 10"^T-2. 050 x lO^T-^ cal deg K"* gfw”* 298. 1 5 * K < T < 3773 * K 
Structure 

Ta 2 C is hexagonal with variable range of homogeneity. 

Heat of Formation 

Combustion value from Huber et all 
Heat Capacity and Entropy 

Low.temperature and high-temperature data were estimated. 

Melting and Vaporisation 

Peritectic temperature is given by Storms. ^ 

References 
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2. Storms. E. K. , LAMS-2674. (March 1962). 
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FHORIUM CAM BIDE CONDENSED PHASE CTh 

Ref«ren. e State for CaJr.iIating Miy, M ■*. and Cog K • Solid Th from 0* to 2028*K, 

Liquid Ih from 2028’ to ‘iOf.O'K. Oaecoua Th from 5060" to hOOO’K, 

•Solid Solid 1 hC from 0" to 2H9H“K. 


f.’K 

r 

' p 

.i 

K g,im 

M, 

0 

298.1*- 

10.198 

1 1 .500 

1 1 .500 

“too 

10.233 

1 1 .563 

1 1 .500 

400 

1 1 .628 

14.723 

1 1 .922 

500 

12.373 

1 7.403 

1 

600 

12.663 

19.707 

13.728 

700 

13.233 

21.718 

14.729 

800 

13.538 

2 1,506 

1 5. / 1 7 

900 

1 3.807 

23.1 16 

16.673 

1 000 

14.052 

26.564 

1 7.592 

1100 

14.282 

27.934 

18.471 

1200 

14.502 

29.186 

19.313 

1 300 

14.714 

30.333 

20.118 

1400 

14.921 

31.453 

20.989 

1 500 

15.123 

32.490 

21 .629 

! 1600 

15.325 

33.4/2 

22. 339 

! 1633 

15.391 

33,786 

22.566 

: 1613 

15.391 

3 3 . 7H6 

22.566 

i 1 700 

15.521 

34.407 

2 3.020 

1 1800 

1 «> . 7 1 9 

35.300 

23.678 

; 1900 

*3.914 

. 135 

24.312 

J 2000 

16.106 

36.977 

24.925 

1 2028 

16.162 

37.201 

25.093 

! 2028 

16.162 

37.201 

25.093 

1 2100 

16.301 

37,767 

25. •■1 9 

! 2200 

16.493 

38.330 

26.092 

; 2300 

16.684 

39.267 

26.649 

i 2400 

16.875 

39.981 

27.190 

i 2500 

I 7.06*. 

40.6/4 

? / . 7 1 5 

i 2600 

1 7 . 2 5 

41 , 347 

28.227 

1 2700 

1 7.443 

42 .002 

28.725 

1 2800 

17,634 

42.640 

29.210 

2698 

1 ;. 8 2'*' 

43.230 

29.675 


I 


r 

Kill fitm. _ 

A 



Ml, 





- - - 



0.000 

-7.000 

-6.219 

4.559 

O.Cl 9 

-6.997 

-6.214 

4.527 

1*121 

-6.808 

-5.981 

3*268 

2.324 

-6.615 

-5.797 

2.534 

3.587 

-6.448 

-5.649 

2.058 

4.993 

-6.310 

-5.527 

1.726 

6.231 

-6.199 

-5.424 

1.482 

7.599 

-6.112 

-5.332 

1 .295 

8.992 

-6.046 

-5.250 

1.147 

10.409 

— 6 • 006 

-5.172 

1 .027 

11.848 

-5.990 

-5.098 

0.928 

1 3.309 

-6.029 

-5.021 

0.844 

14.791 

-6.104 

-4.941 

0.771 

16.293 

-6.237 

-4.855 

0.707 

17.816 

-6. 30 

-4.755 

0.649 

18.322 

-6.522 

-4.719 

0.631 

18.322 

-7.175 

-4.719 

0.631 

19.358 

-7.261 

-4.615 

0.593 

20.920 

-7.378 

-4.657 

0.541 

22.502 

-7.470 

-4,291 

0.494 

24.103 

-7.562 

-4.122 

0.450 

24.555 

-7.582 

-4.074 

0.439 

24.555 

-11.435 

-4.074 

0.439 

25.724 

-11.481 

-3.810 

0.397 

27.363 

-1 1.533 

-3.443 

0.342 

29.022 

-1 1 . 566 

-3.076 

0.292 

: . 700 

-11.583 

-2.706 

0.246 

32. 39 7 

-11.50? 

-2.335 

0.204 

34.113 

-11.565 

-1 .966 

0.165 

35.848 

-11.530 

-1.600 

0.130 

37.602 

-11.477 

-1.229 

0.096 

39.339 

-1 1.410 

-0.874 

0.066 


1 S Se ptem ber 1 9t> 1 


MBP 
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THORIUM CARBIDE (ThC) 


(CONDENSED PHASE) 


gfw s 244. 061 


ah/ 298 . 15 = -7 i 6 kcal gfw'* S298. 15 “ I 1. 5 + 5 cal deg'* gfw'* 

T„ * 2898 rt 25 ‘K 
m 

Cp = ( 12.43 ± .30) + ( 1.87 ± .04) x 10 '^T - ( 2.48 ± 0.40) x lO^T'*^ cal degK'* gfw'* 

^ 298*K<T< 2898*K 

Face- centered cubic (NaCl type) 

Heat of Formation 

Measured by Huber and Holley/ 

Heat Capacity and Entropy 

2 

Empirical equation developed by Krikorian* 

Melting and Vaporization 

Melting point - Wilhelm & Chiotti/ 
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* 
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1 ' ) 

' - 

'I 

' 1 >* 

1 M , H , 

\ H, 

298.1*’ 
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t. 0 a *>00 
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t 0 a fb A H 
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1 500 

t 0 , 1 5. p 

t : a 00^ 

t 0, 71,»J 

f 0. 390 


2000 

1 0. 370 

±1.112 

I OaS?*. 

r 0 a 5 7 s 


'‘0 

t .390 

t i a 1 9 0 

1 3 a 8 0 1 

» 0. 7^>9 


2A9P 
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f r .93 1 
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TA hl.E il7 


TITANIUM CARFUDF. 


T."K 

0 

15 

300 

400 

500 

ftOO 

700 

BOO 

900 

1000 

1 100 
1 155 
115 5 
1 ^00 
1 3^0 
1 400 
1 500 

1 600 
1 700 
• FOO 
1 900 
1 

1 950 

roo''^ 


0.000 

fi.041 

fl.09? 

9.912 

1 O. 7*^8 

11.315 
1 1 .659 
11.911 
12.108 
12.27? 

17.414 
17.406 
1 7 .486 
17.541 
17.658 
I 7 . 76 / 
17.871 

17.970 
1 .066 
M . 1 60 
I ^ . 7 5 1 
13,796 
13,796 
1 ■» . 14 0 


__<■!/ '*K «Fw__ 


0.000 
5 . 790 
5.040 
8.453 
10.770 

1 7 . 7flB 
1 4 . 560 
16.134 
1 7 , 549 
18.033 

70.009 
70,617 
70.6 17 
71 .095 
7 7.104 
73.04 6 
7 i , 9 ^ 0 

74 . 764 
7 .553 
76. 303 
77.017 
7 7 . 3 6 7 
7 / . 3 6 7 
7 7.69</ 


ONDENSEO PHASE 

\ F and Eos K.v Solid 

1 Ti from 3SS0 

• tfj 6000 • 

K. Solid C 

^ from 121 3 • 

to 6000 ‘K 


r 




1 ^ 


AHj 

I Kir I NI TC 

-1.161 

-43.829 

5.790 

o.ooo 

-44. 1 30 

5.790 

0.01 5 

-44.1 30 

6.134 

0.928 

-44.083 

6.835 

1 .968 

-44.01 1 

7.66 3 

3.075 

-43,955 

8.524 

4.22 5 

-43.924 

9.379 

5 • 404 

-43.914 

10.209 

0*606 

-43.925 

1 1 .008 

7.875 

-43.951 

11.774 

9.059 

-43.994 

17.181 

9. 744 

-44,02? 

12.181 

9. 74 4 

-44.9 7? 

17.506 

10. 30 7 

-44 . 998 

1 3.206 

1 1 .567 

-45.065 

1 1.8 76 

12.838 

-45.140 

14.51 7 

14.170 

-45. 222 

15.131 

15.417 

-45.311 

15. 721 

16.714 

-4 5 . 4 ' 4 

1 6.7H9 

18.07 5 

-4 5. ‘''I 


1 6 . U 3 5 
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titanium carbide (TiC) 


(CONDENSED PHASE) 


j-fw ^ 59. 91 1 


Tm = 321 3°K 


®29«. 15 " 79cal £le|{K-lg/w' 
AH„,^20. 0 kcalRlw-* 


-1 


^298. 15 * “O ' *■ 

C° = 11. 83 + 0. 80 X lO'^T -3. 58x1 O^T'^cal degK* * gfw' ^ 298. 1 50 K < T < 321 30K 

Structure 

TiC has an f. c. c. structure (NaCl type) with variable honnogeneity range. 
Heat of Formation 

Several possible values examined in rhe text. The calorimetric value 
from Humphrey^ accepted. 

Heat Capacity and Entropy 

Low- temperature data from Kelley. ^ High- temperature data by Naylor. ^ 
Melting and Vaporization 

Heat of fusion estimated. 
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TUNGSTEN CARBIDE CONDENSED F^MASE CW 

Ktff<rrtfri(e State for Caltulaling \hJ’ , mJ , and Log Solid W from 0* to J650*K, 

Lujmd W from 36SO" to S89I*K. CaneouB W from 5891* to 6000“K, 

Solid C. Solid WC from 0* to iOSH'K. 
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TUNGSTEN CARBIDE (WC) 


(CONDENSED PHASE) 


gfw 3 195.871 




^ 298 . J5 = 


Tm = 3058 *K 

C* =J2.^7 + 2-06 xlO"^T-2.68xlO®T"^caIdegK‘^gfw‘^ 298. 1 5 ‘K < T < 3058 'K 


Structure 

The structure of a-WC is simple hexagonal. A high-temperature form with 
face-centered cubic structure has been reported. See text for details. 

Heat of Formation 

The heat of formation of -8.4 kcal gfw"^ used is that reported by Huff and 
co-workers^ who corrected the value reported by McGraw and co-workers. 

Heat Capacity and Entropy 

No low-temperature heat capacity data have been reported. The value for 
^298 15 estimated by Krikorian. ^ The high-temperature heat capacity 

equation was also estimated by Krikorian. ^ 

Melting and Vaporization 

A 

Coffman and co-workers investigated the vaporization of WC but were 
unable to obtain thermodynamic data. The melting point of 3058 ‘K reported by 
Sara and Dolloff^ has been used. 
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I>I I UNC.Sl F'N ( AHUIDh f.ONOKNSKD PHASK 


CW2 


Htflvmui: Slat« far C.itruUtinf( Ml/, M , . and *«(. Solid W from 0* to J6 50’K, 

l^iquid W from Jfi SO* to SH9I*K, (iaitcou« W from S89 J * lo 600O"K, 

C. S.»l,d from 0" to 306B‘K 
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DITUNGSTEN CARBIDE (W 2 C) 


(CONDENSED PHASE) 


gfw = 379.731 


^H£298. 15 = -11.0 kcal gfw"^ ^ 296 . 15 = 19.5 cal deg K"* gfW* 

Tm = 3068 ‘K 

Cp= 21.45+2,60xl0*^T-3.48xl05T"'^caldegK'‘ gfw* ' 298. 15*K<T < 3068*K 

Structure 

The crystal structure of W^C is simple hexagonal. L*attice parameters are 
given in the text. 

Heat of Formation 

The heat of formation of -11.0 kcal gfw“^ estimated by Krikorian^ has been 
used since no experimental values have been reported. 


Heat Capacity and Entrot 


No low temperature heat capacity data have been reported. The entropy at 
298. 15 *K is that estimated by Krikorian. ^ The high-temperature heat capacity 
equation is that estimated by Krikorian. ^ 


Melting and Vaporization 


No vaporization data have been reported. The melting point of 3068 ‘K re- 
ported by Sara and Dolloff^ has been adopted. 
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TABLE IZO 


ZIRCONIUM CARBIDE CONDENSED PHASE 

Reference Stair for Calculating ^H£, AFJ, and Log K Solid Zr from 0* to 21Z5*K, 
Liquid Zr from 2125* to 4fc44*K, Gaaeous Zr from 4f>44" to fcOOO'K, Solid C, 
Solid ZrC from 0* to ^f*93*K. Liquid ZrC from 3693* to 6000*K. 
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550r 




mtw . 


Kc at 7||f w ^ 





i. ■, 3 

r 




p 

‘‘T 

(Ft h^)/t' 

»*T - «?9H 

5h; 

AF^' 

Lo, Kp 

0.000 
9.058 
9,0 98 

1 0 . 5 H 8 

1 1 . 395 

0.000 

INr INITC 

-1 .401 

-47.016 

-47.036 

INF INI Tf 

7.964 

7.964 
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-47,199 

34 .596 
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10.868 
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P0.509 
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14. 36^ 
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1 3,67? 
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14.638 
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—47,454 
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8.77b 
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8.776 
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-45,426 
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1 4 . C 5 1 

P • .477 
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1 4 . ? 9 3 

P 6 . 5 P 7 

1 6.62 P 

1 3.866 
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-44 .948 

7 .016 

14.530 

27 .5; I 

1 7,316 

i 5 . 308 

-48, . 1 ^ 

-44.718 

6.515 

14.765 

? ft . 4 6 /■. 

1 7.984 

16.772 

-48.027 

-44.494 

6.0 77 

1 4 . 998 

? y. 36 V 

1 ft .62 7 

18.261 

-4 7.90? 

-44 . 2 7S 

5.692 

1 S . P ? B 

30.232 

19,248 

19,772 

-4 7, /6'' 

-44.06.7 

5.3 50 

: . 4 *■ 7 

■> .C6P 

i 9.848 
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-43,866 

5.045 

1 . 6 fi * 

3 1 .8 60 

PC .429 

22.063 

-47,416 

-43.676 

4.772 

1 *■ . 9 1 P 

3 ? . ft 3 1 

PO. 992 

24.443 

-4 7.21 1 

-43,493 

4,526 

: 5 , 968 

» P . ft 1 7 

PI .128 

24 .884 

-47.116 

-43.444 

4.460 

1 5 , -y 6 8 

3P . 81 7 

P i . 1 P 8 

24.804 

* 5 P . 0 i 6 

-•4 J . 44 4 

4.460 

it.' 37 

33.377 

P 1 . 5 3 8 

P6 .045 

- 5 1 ,8 99 

-43.147 

4,206 

16.363 

34 .099 

PP.Oftb 

p-',6 70 

— 5 1 .666 

-42.756 

4.063 

15.587 

34 . f 00 

22.584 

P y . 3 1 0 

-51,413 

-42. 3 72 

1.B5B 

J 6 . 8 1 P 

*5,46* 

2 3 , C ft 7 

30.988 

-51 . 1 39 

-42,00’ 

3.672 

17.0^6 

36.14^ 

23.576 

32.680 

-50.846 

-Hi .640 

1.500 

1 7 . ? <w 

» ft, . 7 y 3 

? 4 . 0 ' 4 

*4 • 395 

-50.5 31 

-4 1,296 

3.343 

1 8 P 

*7,424 

'*4 . SPO 

36.132 

-50.195 

-H0.95e 

3 .197 

1 7 • 7 r' 

3 ft . r 4 2 

24,976 

*7.892 

-49,839 

-41,634 

3.062 

1 7 . 9 p p 

3 8 . ft- 4 ft. 

2 ‘.421 

39.673 

-49,46? 

-40.323 

2.937 

1 8 . I *. 1 

•‘9,2 3 7 

P 5 .85 7 

< .4 77 

-49 . 06' 

- 40.024 

2.022 

1 H. 373 

39. bl 7 

2 f .285 

4 3, 30 3 

-40.64 

-39.74 1 

2.714 

1 ft . *■ 

4 0. 3 tl 6 

26. 703 

45.152 

-40.208 

-39,469 

2.614 

18.81 7 

40.944 

27.114 

4 .022 

-4 7. 749 

-39.2 1 1 

2 .520 

19.039 

41 .493 

27.51 7 

48.915 

-47.269 

-38,967 

2.433 

1 9,P61 

42.032 

27.913 

50.030 

-46. 768 

- 38,7 3 7 

2.352 

19.46 7 

42.526 

2 ft. 2 '5 

5 2.6. 1 

__-4 6.2 04 

-38.539 

2.281 

”l 9.000 

4 7 .94 2 

2 P . 2 7 5 

72.631 

-P6. 284 

-30.539 

2.281 

I 9.000 

47,978 

*.* 8 • I ^ 

. 764 

-26.250 

-■*0.550 

2.277 

19.000 

48.484 

28.036 

’’4 • 664 

-25. 767 

-30.099 

P.P37 

1 9.000 

48,978 

2 9, 346 

76.564 

-25.206 

-39.248 

P.199 

1 9.000 

49.459 

29.84 3 

78.464 

- 2 4 , 00*- 

-39,612 

? .164 

1 9. coo 

*.9 . 92fi 

30. 3? 7 

00.364 

-24.328 

-39,909 

2.131 

19.000 

50 . HJo 

30. 799 

82.264 

-23.052 

-40.377 

2.101 

1 9.00C 

50.833 

31 . 260 

04 . lo4 

-2 3. 

-40.776 

2.072 

19.000 

5* .270 

3 1.710 

06.064 

-22.905 

-4l .109 

2 .046 

1 9,000 

5 1 -6v7 

32.149 

07,964 

- 22 . 4 34 

-4 .605 

2 .02 1 

1 9.00C 

52.114 

32.579 

.864 

-21 .96S 

-42.038 

1.997 

19.000 

52.294 

32.764 

’y0.70l 

-21 .750 

-42.227 

1 .907 

19.000 

52.294 

12.764 

90.701 

-157. P12 

-42.227 

1 .907 

1 9.000 

5?. 52 3 

12 . 999 

91 . 764 

-157.005 

-h0.B47 

1 .699 

1 9,000 

52.9P3 

13.410 

93. 664 

-156.641 

-30.301 

1 .747 

1 9.000 

53,315 

33.012 

9S. 564 

- 1 56.204 

-35,917 

1 .602 

1 9.000 

53.699 

34.206 

07,464 

-155.933 

-31,465 

1 .461 

19,000 

54.075 

34.592 

99. 364 

-155.590 

-31 .022 

1.329 

19,000 

54.444 

34.970 

ICI .269 

-155.25? 

-28.570 

1.201 

1 9.000 

54.806 

35 . 34 1 

103.164 

-1 54.922 

-26.140 

1 .078 

. ‘>.000 

55.161 

35, 705 

1 05.064 

-1 54.596 

-23.722 

0.960 

1 V.OOt. 

5 5 . 5 1 C 

36.062 

1 06.964 

-154.276 

-21,303 

0.846 


56< 

I s>, .^OC 

5 700 

y . 000 

bfr. 

. 9.00P 

5 9* 


ft. ■ 

i •• • 


54,85? 36.41P 

56.188 16.756 

56.51V 3 7.09^. 

*6.844 37.4Pb 

i 3/.75P 


108.864 -153,961 

110.764 -153.652 

1 1 P.664 -15 3, 346 

114. ‘>64 - 1 5 3 .045 

ll6.46*« -15P,748 


-18.686 0.737 

-16.473 0.632 

-14.070 0.530 

-11.674 0.432 

-9.276 0.338 


I 5 March 1963 
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ZIRCONIUM CARBIDE (ZrC) 


(CONDENSED PHASE) 


Kfw 103 231 


AHf298. I - -48. 0 Kcal Rfw' 

T ^ 369 3^K 

ni 

- 1 401 Kcal gfw" * 
298. 13 0 ^ 


^298. 13 degK'^gfw 

Z\h - 20 0 Kcal gfw' * 
rn ^ 


Cp ^ 1 1. 3 3t) 4 2. 207 X lO-^T - 2 610 x c.al dcgK' 

298 1s‘’k^T^ 369 j'V 


Structure 

ZrC h^s a cubic, NaCl (Dl) type structure. 


Heat of Formation 


1 

Choice based on vaporization from Knudsen cell by PolK>c k. and Lani^muir vapurizafion 
by Pollock^ and Coffman ^ ^ 


Heat Capacity and Entropy 

Low-temperature data by Westrum"' and Westrum arid Feirk ^ Higb-tempe ratu rc- 
data based on estimates of Knkorian^ joined low-temperature d.ata It agreed with 
available experimental data of Margrave^ and Southern Res Inst ' 

Melting anc Vaporization 

8 

Melting temperature from Dolloff and Sara Heat ol melting estimated 
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^iPc^NiuM carbide (ZrC) i^WNDFN'-rf) pHA'.ri 

summary >Af UNCrR TAINT Y tOTlMATC", 
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4 10.218 
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i 

1.800 
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I AB l.E 1^1 


DIATOMIC C.ARhON IDEAl. MOI.ECUJ.AR GAS 




HrfiTrntr- Slate f.»r Calculating XHJ. ^ t j* . and L,.in Kp 
Solid Graphite from 0* tci fcOOO'K 
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gfw = 24.022 


DIATOMIC CARBON (C 2 ) (IDEAL MOLECULAR GAS) 

= 196.636 Kcal gfw ^ ^^*£298,15 " 198.660 Kcal gfw ^ 

Groiin<i StAtc Configur&tion ^8^ ^*298 15” 47.630 c&l dcgK"^ g£w”^ 

H*298,15-H*o = 2.528 Kcal gfw'l 

Spectroscopic constants from Clementi, ^ for 13 electronic states were used. 
See volume L this study (section lVA4c) for details. 

Heat of Formation 

Based on data of Drowart, et 

Heat Capacity and Entropy 

Calculated on diatomic gas computer program. 
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tabu : III 


FRIMOLYBDENUM DICARBIDE CONDENSED PHASE 


C2M03 


*!V*?!* Calculating Ml|, A i /. and Cog K Solid Mo from 0* to 2890*K, 

Ciquid Mo from 2H90’ to 4965 'K, Caaaoua Mo from 4965* to 6000*K, Solid C; 
Solid Mo^C 2 from 0 * to 2923 'K. 


'K i<w- _ . Kral/^fw 

S •'1 "r »T «?;b '"f ‘“JtS 


0 


1 298.15 

24.639 

23.710 

23.710 

0.000 

-13.970 

-14.120 

lO.^SO 

300 

24.741 

23.863 

23.710 

0.046 

-13.965 

-14.121 

10*286 

400 

28.516 

31 .564 

24.735 

2.732 

-1 3.523 

-14.236 

7.778 

500 

30.539 

38.164 

26.778 

5.693 

-1 3.024 

-14.464 

6*)22 

600 

31 .873 

43.856 

29.161 

8.817 

-12.522 

-14.86a 

5.393 

700 

32.882 

48.848 

31.624 

12.057 

-12.037 

-15.226 

4*754 

8 OO 

33.717 

53.295 

34.060 

15.388 

-11.544 

-15.716 

4*293 

900 

34.452 

57.309 

36.424 

10.797 

-1 1 .059 

-16.266 

3*956 

1 000 

35.123 

60.975 

38.698 

22.276 

-10.572 

-16.871 

3.687 

1100 

35.754 

64.352 

40.879 

25.820 

-10.114 

-17.525 

3*482 

1200 

36. 35 7 

67.489 

42.967 

29.426 

-9.686 

-18.216 

3*317 

1 300 

36.940 

70.422 

44.968 

33.091 

-9.273 

-18.946 

3*185 

1 4 OO 

37.509 

73.181 

46.865 

36.814 

-S.882 

-19.704 

3*076 

1 500 

38.068 

75.788 

48.726 

40.593 

-8.481 

-20.492 

2*986 

1 600 

38.618 

78.262 

50.495 

44.427 

-8.1 27 

-21.300 

2*909 

1 700 

39.163 

60.620 

52.199 

48.316 

807 

-22.138 

2.846 

1 600 

39.70? 

82.874 

53.841 

52.259 

- / .524 

-22.988 

7.791 

190C 

40.236 

85.034 

55.426 

56.256 

-7.201 

-23.854 

2.744 

2000 

40.770 

87.112 

56.959 

60.307 

-7.087 

-24.736 

2.703 

2100 

4 1 . -lOO 

89.114 

58.442 

64.410 

-6.942 

-25.619 

2 .666 

2200 

41 .828 

91 .047 

59.861 

68.5t>7 

-6.856 

-26.510 

2.633 

2300 

42.354 

92.918 

61.277 

72.776 

-6.828 

-27.407 

2.604 

2400 

42.879 

94.732 

62.63 3 

77.038 

-6.867 

-28.298 

2.577 

2500 

43.403 

96.493 

63.95? 

81 . 352 

-6.979 

-29.182 

2.551 

2 600 

43.925 

98.206 

65.237 

85.718 

-7.171 

-30.074 

2.528 

2700 

44 . 44 7 

99.073 

66.489 

90.137 

-7.441 

-30.950 

2.505 

2800 

44*968 

101 .499 

67.71 1 

74.608 

-7.796 

-31.869 

2*483 

2 890 

45.436 

102.929 

68.785 

98.676 

-8.198 

-32.573 

2*463 

2890 

45.4 J6 

102.929 

68.785 

98.676 

-28.148 

-32.573 

2*463 

2900 

45.488 

103.086 

60.903 

99.130 

-28.1 16 

-32.582 

2*455 

292^ 

45.607 

103.446 

69.174 

100.170 

-28.036 

-32.667 

2.438 


1 5 Scptcnib^r^J 96 3 


DFA 
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TRIMOLYBDENUM DICARBIDE (Mo 3 C 2 ) (CONDENSED PHASE) gfw* 311.87 

^^f298. 15 ~ "^'3. 97 kcal gf-w" ^ ®298 15 ” 23. 7 1 cal deg K " ' glw* ^ 

= 2923* K 
m 

C* = 30.65 + (5,14x 10-3) ^ .(6.71 x 10^)T cal deg K* 1 gfw"! 298. 1 5*K< T < 2923*K 
Structure 

M 03 C 2 has a hexagonal structure (a = 3. 00 A c = 14. 6 l A) with a high-tem- 
perature cubic form (a = 4. 26 A). 

Heat of Formation 


The heat of formation was calculated from the frec-energy functions and the 
free energy at IVOO'K. The free energy at 1700“K was calculated from the 
disproportionation reaction of M 03 C 2 to M 02 C and C. 


Heat Capacity and Entropy 


The heat-capacity equation 
calculated from an estimated 


was estimated by Krikorian . 
^298. 15, M03C2 ^ ”• 


The entropy was 


Melting and Vaporiz ation 

The melting temperature was determined by Nowotny. 


Rel jrences 


1. Nowotny, H. , E. Parthe, R. Kieffer and F. Benesovskv, Monal Chem 

255 (1954). 

2. Krikorian, O. , Estimation of High Temperature Heat Capacities of 
Carbides, UCRL-6785 ( 1962 ). 
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T ABLE 123 

TIIOKIUM IJICAUBIDK CONUENSED PHASE 

Refcrcini-c St<tlc tor CLilculatinK \ «nd LogKjj: Solid Th from 0 " to Z028*K, 

Liqiiifl 'I'h Irorii 202H" to “ 1 ^) 60 “ K, CjaBcouH Ih from ^060* to 6(J(J0*K, 



So 

Ik! C , Sol 111 

'I h( . ^ fri>ir 

0* to 2928* 

K. 



r .'‘K 

r 

* 1 

1 i«l K f 

1 

w 

1 1 , M 1 


_K. 

3M, 


Lok Kp 

1 0 

?98. 1 

J 0.2<.9 

1 9 . iOO 

19.100 

0.000 

-66.600 

-66.607 

36.076 

^00 

1 0 . 2 H 9 

19.1 6/. 

19.100 

0.019 

-66.601 

-66.687 

33 .866 

<♦00 

11.76? 

18.39? 

1 9.929 

1.131 

-66.668 

-66.662 

29.376 

bnc 

1 ? . •) 9 ? 

21 .068 

1 6. 36‘7 

2.390 

-66.758 

-66.379 

20.271 

600 

1 3.072 

?3.6Gb 

1 7.392 

3.6 32 

-66.990 

-66.200 

16 .860 

. 700 

1 3./.6‘, 

29.691 

1 e. 366 

6.960 

-67.219 

-66.19t 

16.610 

! 8 00 

1 3 . 79] 

2 7 . 2 7 1 

1 0. 36 7 

6.323 

-67.938 

-69.989 

12.962 

900 

] <..0 / r 

2 6.912 

20. 338 

7. 71 7 

-67.91? 

-69.768 

11.116 

1 OOO 

1 . n 6 

30.609 

21.271 

9.1 38 

-68.326 

-69.909 

9.966 

' 1 1 00 

1 . 9 H 3 

3 1.787 

22. 166 

10.986 

-6B.778 

-69.206 

B.9B1 

1 2 00 

1 <..818 

33.066 

2 3.021 

12.096 

-69.27*. 

—66 ■ 060 

8.170 

; 1 '^00 

1 9 . 0 /, » 

■'6.261 

23.860 

1 3.9<, 7 

-69.823 

-66.669 

7.676 

1 <.00 

1 9 .266 

39 . 10/, 

26.629 

19.063 

-90.620 

-66.036 

6.876 

’ I'^OO 

1 9 . 686 

36. 6<.9 

29.378 

16.600 

-91.002 

-63.950 

6.366 

1 60 : 

19.698 

37.691 

2 6 . 1 0 2 

18.199 

-91 817 

-63.032 

9.878 

' 16*3 

19. r 6 

3 7. 772 

26 . 336 

18.679 

-97.076 

-62.066 

9.736 

16^3 

1 9 . 76P 

37.772 

26 . 336 

18.679 

-92. 7?9 

-62.866 

9.736 

1 700 

19.909 

3 8 . <.09 

Pi .798 

19.760 

-93.179 

-62.632 

9.695 

1 aoo 

16.119 

39,3*9 

27.668 

21.361 

-93.83? 

-61.780 

9.072 

1 iOC 

- ^ ? 7 

>0.202 

2 8 . 1 H, 

22.966 

-96.673 

-61.096 

6.727 

2 000 

16. ''3<. 

<♦1 .066 

28.761 

26.607 

-99.100 

-60.376 

6.612 

2 0 fi 

16.992 

<.1.279 

2 8.91 i 

29.070 

-99.273 

-60.167 

6.328 

2 0 ,7 P 

J 6.9 92 

<.1.279 

28. 9M 

29.070 

-99.126 

-60.167 

6.328 


1 6.761 

6 1 .8 96 

2 9. 36 6 

26.270 

-99.966 

-39.683 

6.109 

r ? 0 0 

1 , 9<.... 

<.2 . 6<.0 

29.933 

27.999 

-60. 161 

-38.913 

3.826 

?J00 

17.190 

<♦3.397 

30.902 

29,660 

-60.760 

-17.920 

3.969 

2 *.01' 

1 1.39' 

66.132 

3 1.099 

j \ . 389 

-61.309 

-36.696 

3.323 

2 *■ 0 

1 7 . * 9 f 

6 6 . 8 <. 6 

3 1 .992 

33.130 

-61.852 

-39.690 

3.099 

^60CJ 

17.76] 

6 * . " 7 

3 2.119 

36.896 

-62.386 

-36.383 

2 .890 

2 7 00 

17. >6i. 

66.21 1 

3 2.62 9 

36.683 

-62.897 

-33.300 

2.695 

2 80 0 

1 8 . 1 6 7 

66.868 

3 J.122 

18.689 

-63.393 

-32.191 

2.913 

■’9C ■ 

18. ^ 6 - 

6 7 . 9 C 

33.607 

60.316 

-63.876 

-31.070 

2.36 1 

2 92 8 

! 8.6." 

6 7 ,7^86 

33,761 

60.831 

-66.009 

-30.796 

2.299 


1 S Sr-HtcniloT 1 
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THORIUM DICARBIDE (ThC^) 


(CONDENSED PHASE) 


gfw s 256.072 


AH*2g8 15® ^ gfW* ^298. 15 ® * ® <*egK'^ gfw"* 

Tm » 2928 ± 25 'K 

C* a (12,60 ± 1.16) + (2.00 ± 0. 18) lO"^ T -(2.63 ± 0.20) x 10^T-2t.al deg K ^gfw 

298 *K < T < 2928*K 

Heat of Formation 

Computed indirectly; see volume 1, this study (section IVB29. 2). 

Heat Capacity and Entropy 

Empirical equation developed by Krikorian. ^ 

Melting and Vaporization 

Melting point from Wilhelm and Chiotti. ^ 

Vaporization of Jackson and co-workers. ^ 

References 

1. Krikorian, O. H. , UCRL 2888 

2. Wilhelm, H. , and Chiotti, P. , Trans. Am. Soc. Met. 1295 (1950). 

3. Jackson. D. D. , G. W. Barton, O. H. Krikorian, and R. S. Newbury, 
UCRJL 6701 (1962). 


Thorium oicapbidp (tkc^) (csnoenseo phase) 

SUMMARY 0F uncertainty ESTIMATES 


Grw . ?S6*C72 


T.^K 



‘(T r - H2«,0)''T 

ii j - h V 

298*15 

± 0«969 

*3.0C0 

*3.000 

* 0.000 

500 

*1.170 

*3.564 

*3.120 

* 0.222 

1000 

^1.320 

A4I.426 

^3.579 

* 0.849 

1500 

* 1.A21 

*4.982 

*3.959 

* 1.535 

2000 

*1.515 

*5.404 

*4.270 

* 2.269 

2500 

* 1.607 

*5.752 

*4.532 

* 3.050 

2928 

* 1 .685 

*6.012 

*4.730 

1 3.754 
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T A H L.E 124 


THORIUM DICARDIDE IDEAL MOLECULAR GAS C2Th 

Reference Stei« for Calculating AMJ*, AFf**, and Log Kp: Solid Th from 0" to 2028* K, 

Liquid Th from 2028* to 5060*K, Gaecoua Th from 5060* to 6000"K. Solid C; Gaseoue ThC^- 


^ ’K gfw Kcml/fclw 

fp S i Lo, Kp 


0 

298* 

300 

AOO 

500 

15 

0.000 

10.255 

0.000 

INFINITE 

-2.469 

162.791 

162.791 

infinite 

61 .136 

61.136 

0.000 

163.200 

149.567 

-109.645 


10.271 

10.876 

11.312 

61 .199 
66.265 
66.720 

61.136 

61.567 

62.342 

0.019 

1.079 

2.189 

163.199 

163.100 

162.881 

149.503 

144.949 

140.434 

-108#907 

“79.193 

-61.381 

600 


11.731 

68.819 

63.251 

3.341 

162.559 

135.973 

-49.526 

700 


12.159 

70.659 

66.180 

4.535 

162.160 

131.573 

-41 *077 

800 


12.588 

72.311 

65.095 

5.773 

161.712 

127.233 

-34«757 

900 


13.003 

73.818 

6‘ .982 

7.053 

161.226 

122.952 

-29.855 

1000 


13.389 

75.208 

66.836 

8.372 

160.710 

118.726 

-25.946 

1100 


13.736 

76.501 

67.656 

9.729 

160.167 

1 14.555 

-22.759 

1200 


16.060 

77.710 

68.666 

ii.iia 

159.589 

1 10.432 

-20*112 

1 300 


16.296 

78.866 

69.201 

12.535 

158.965 

106.361 

-17.860 

1600 


16.505 

79.911 

69.928 

13.976 

158.293 

102.342 

-15.976 

1500 


16.668 

80.918 

70-628 

15.435 

157.553 

96.367 

-14.331 

1600 


16.790 

81 .869 

71 .301 

16.908 

156.732 

94.450 

-12.901 

1633 


16.822 

82.171 

71.51 7 

17.397 

1 5 ■ i66? 

93.170 

-12.469 

1 633 


16.822 

82.171 

71.517 

17.397 

155.789 

93.170 

-12.469 

1 700 


16.875 

82.768 

71.949 

10.392 

155.277 

90.612 

-1 1 .648 

1800 


16.928 

83.620 

72.574 

19.882 

156.509 

86.830 

-10.542 

1 900 


16.953 

06.628 

73.177 

21.376 

153.739 

83.090 

-9.557 

2000 


16.956 

85.195 

73.759 

22.872 

152.965 

79.390 

-8.675 

2020 


16.953 

05.603 

73.918 

23.291 

152.760 

78.363 

-8.444 

2028 


16.953 

85.603 

73,910 

23.291 

168.895 

78.363 

-8.444 

2100 


16.961 

85.926 

74. 321 

24.367 

166.333 

75.869 

-7.895 : 

2200 


16.912 

86.619 

76.866 

25.860 

167.566 

72.439 

-7.196 

2300 


16.871 

87.281 

75.390 

27.349 

166.769 

69.038 

-6.560 

2600 


16.823 

87.913 

75.898 

28.834 

165.966 

65.681 

-5.981 

2500 


16.768 

80.51 7 

76.391 

30.31 3 

165. 1 31 

62.352 

-5.451 

2600 


16.710 

89.095 

76.869 

31 .787 

166. 307 

59.057 

-4.964 

2 700 


16.650 

89.669 

77. 332 

33.255 

163.675 

55.791 

-4.516 

2000 


16.588 

90.180 

77. 781 

34.717 

162.635 

52.564 

-4.103 1 

2 900 


16.526 

90.691 

78,218 

36.173 

161.703 

49.350 

-3.720 1 

3000 


16.666 

91.183 

70.662 

37.622 

160.922 

46,185 

-3*364 1 

3100 


16.603 

91 .6‘6 

79.056 

39.066 

160.056 

43.041 

-3.034 

1200 


16.366 

92. 1 12 

79.655 

40.503 

13 . i 75 

39,930 

-2.727 ; 

3300 


1 6.2S6 

92.553 

79.865 

41.936 

138.. ih 

36.036 

-2.439 . 

3600 


16.231 

92 .97p 

80.225 

63. 360 

13 7. 0 

33.782 

-2.171 I 

3^00 


16.177 

93.390 

00.596 

<.6.781 

1 36.685 

30.743 

-1 .920 1 

3600 


16.126 

93,709 

00.957 

66.196 

1 ''•>*^12 

27,736 

-1 .684 i 

3700 


16.077 

V6 , 1 75 

01.309 

67. 606 

1 36.650 

26,753 

-1.462 ! 

3800 


16.030 

96.550 

01.652 

69.01 1 

1 33.721 

21.796 

-1.253 I 

3900 


1 3 . 986 

94» .91 6 

0 1 .900 

50.61 2 

1 12.786 

10.857 

-1 .057 ' 

6000 


1 3.962 

95 . 267 

02.315 

51 .808 

131.860 

15.952 

-0.072 

6100 


13.901 

95.611 

02.635 

53.200 

1 30.888 

1 3.066 

-0.696 

6200 


1 3.062 

95.966 

82.960 

56.589 

129.929 

10.207 

-0.531 

6300 


1 3 . P 2 5 

96,271 

03.256 

55.973 

120.Vfel 

7.366 

-0,374 

6600 


13.790 

96. 5 P*. 

0 3.556 

57.356 

127.988 

6 . 56 5 

-0.226 

6500 


13.757 

96. 8 90 

03,867 

58.711 

127.007 

1 .756 

-0.0B5 

6600 


1 3.725 

97.200 

06.136 

^0. 105 

126.019 

-1.020 

0.040 

6700 


1 3.696 

97.695 

86.615 

hi .676 

175,026 

-3.772 

0.175 ; 

6800 


1 3.666 

97.783 

86.691 

(>2 .86 6 

126.076 

-h.699 

0.296 I 

6900 


13.630 

90.065 

86,961 

66.209 

123.017 

-9.206 

0.411 1 

5000 


13.612 

98 • 360 

85.225 

65.57 2 

122.006 

-11.895 

0.520 ! 

5060. 

26 

1 3.597 

90.50> 

0 5. 30 1 

66. 392 

121 .389 

-1 i.506 

0.583 1 

50<0. 

26 

1 3.597 

90.503 

85.303 

(.6. 19 2 

-1 . I7t 

-1 1.506 

0.583 ' 

5100 

1 3.587 

90,609 

85,605 

66.932 

-1.717 

1 1.S97 

0.583 ! 

5200 


1 3.563 

98.873 

85. 760 

68-289 

-2 • 50! 

-1 ^.826 

O.'^si 

5300 


13.561 

99.131 

85,990 

6 9 , 6 6 <« 

- 3.65'^ 

- 16.02-^ 

0.570 

6600 


13.519 

99.386 

86.236 

70.997 

-6.319 

-16.217 

0.57*^ 

5500 


1 3.A99 

99.637 

86.67 I 

72. 368 

-5.236 

- 16.195 

0.5 72 

5600 


13.679 

99.075 

86.716 

73.597 

“6.1 36 

-1 6. 55*' 

0,560 

5 700 


1 3.661 

100.113 

86.96 7 

75.066 

-7.069 

-16,691 

0.561 

5800 


1 3.663 

100. 367 

87,176 

76. 109 

-r.9 ^0 

-16. 8U 

0.5S8 

5900 


1 3.626 

100.577 

07.602 

77.711 

-8 . 899 

-16.933 

0.553 

6000 


1 3.610 

1 00.80? 

87.623 

79.075 

-9,0 IS 

-15.010 

0.56 7 


1 S September 1 ^ 
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THORIUM DICARBIDE (ThC^) (IDEAL MOLECULAR GAS) gfw = Z56.072 



1. De Bruin, T. L. , P. F. Klinkenbert, and P. Schuurmans, Zeit. Phys. 
1 18,58 (1941). 

2. Jackson, D. D. , G. W. Barton, O, J. Krikorian, and R. S. Nev/b\iry, 
UCRL 6701 (April 1962). 
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TABI,E IZb 


IlUATOMIC CARBON 


II>EAL MOLECULAR CAS 


C3 



R 1 »» r <• 

nre State fur Calculatin|{ M- ^ , 

Solid Graphite from 0" to 6000* 

, and Lo^ 
K. 

■^P 




€#1/ -It .fw 





T,"IC 

1' 



“ t ' ”298 

ah/ 


Lpi Kp 

0 

0.000 

0.000 

INFINI Tr 

-7,319 

187. 377 

187.377 

INFINITE 

29B • 15 
“iOO 
^00 

9. 388 

50.689 

50.689 

0.000 

188.960 

175.063 

-128«36^ 

9,607 

50.768 

50.690 

0.01 7 

1 88.965 

176.956 

-127.669 

10.311 

53-583 

51 .070 

1 -005 

189.195 

170.252 

-93.017 

500 

1 1 .030 

55.966 

51.017 

2.073 

189.306 

166.001 

-72.555 

600 

1 1 .673 

58.029 

57.606 

3,207 

1 89.306 

160.737 

-58.566 

700 

12.115 

59.859 

53,501 

6.395 

189.219 

155.982 

-68.697 

BOO 

17.526 

61 .506 

56.670 

5.627 

189.076 

151.262 

-61.315 

900 

17.862 

62.999 

55.336 

6.B97 

188.883 

166.525 

-35.579 

1 000 

13.161 

66.3«9 

56.172 

8.198 

188.666 

161.828 

-.30.995 

1100 

13.373 

65.633 

56.975 

9.526 

1 88.623 

137.158 

-27.269 

1 ?oo 

1 3.566 

66.805 

57.766 

10.871 

188.162 

1 32.508 

-26.132 

1 300 

13.777 

67.898 

50.4.05 

12.236 

187.880 

127.881 

-21 .698 

1600 

1 3.867 

68.920 

59.195 

13.615 

187.591 

123.278 

-19.266 

1500 

1 3.977 

69.860 

59.875 

15.008 

1 87.792 

1 10.696 

-17.293 

1600 

16.076 

70.786 

60.529 

16.610 

186.986 

116.131 

-15.589 

1 700 

16.158 

71 .661 

61.158 

1 7.822 

1 0 • 6 7 6 

109.589 

-16.088 

1600 

16.230 

72,653 

61.763 

19.261 

1 86.356 

105.066 

-12.756 

1900 

16.292 

73.226 

62.366 

20.668 

186.037 

100.556 

-11 .566 

?000 

16.367 

73.958 

62.908 

72.100 

185.716 

96.066 

-10.697 

?l0t 

' 6 .396 

76.659 

63.651 

23.537 

1 85.390 

91 .589 

-9.531 

2700 

16.636 

75.330 

63.976 

26.978 

1 85.050 

87,133 

-8.655 

7300 

16.673 

75.973 

66,686 

26.626 

1 86.728 

82.683 

-7.856 

7600 

16.506 

76.589 

66.976 

27.873 

186.392 

78,257 

-7.126 

7500 

16.536 

77.182 

65.652 

29. 325 

186.056 

73.863 

-6.455 

7600 

16.567 

77.753 

65.916 

30.780 

183.716 

69.66 1 

-5 .837 

7 700 

16.586 

78.303 

66. 363 

32.237 

183.371 

65.051 

-5.265 

7600 

16.607 

78.836 

66.799 

33.697 

183.028 

6d«679 

-4.736 

7900 

16.676 

79.366 

67.223 

35.159 

182.678 

56,312 

-6.244 

3000 

16.666 

79.863 

67,635 

36.62? 

102. 326 

51.960 

-3.785 

3100 

16.660 

00.323 

66.037 

38.087 

101.973 

67.616 

-3.356 

3200 

16.676 

00.789 

68.626 

39.556 

181.616 

63.296 

-2.957 

3300 

16.687 

81 .760 

68 .8)0 

6 l .022 

101 .256 

38.970 

-2.581 

3600 

16.700 

81 .679 

69.182 

62.69^1 

180.890 

36.670 

-2.228 

3500 

16.711 

07.105 

69.565 

63,962 

100. 52? 

30.373 

-1.896 

3600 

16.771 

82.570 

69.899 

6 5.6 36 

180 . 1 2 

26.609 

‘*1.584 

3700 

16.731 

82.973 

70.266 

66.906 

179. '6 

21 •815 

-1 *289 

3800 

16.739 

03,316 

70.585 

68.380 

1 79.399 

17.548 

-1 .009 

3900 

16.768 

03,699 

70.916 

69.856 

179.016 

13.291 

-0*745 

6000 

16. 755 

06.073 

71 .261 

51 .329 

1 0.631 

9.060 

-0.496 

6100 

16.76? 

86.637 

71.550 

52.805 

1 78.261 

6.813 

-0.257 

6700 

1 6 . 769 

86. 7V3 

71 ,869 

56,282 

1 77.866 

0.592 

-0.031 

6300 

16,775 

85, w 1 

72.173 

55.759 

177.665 

-3,625 

0.166 

6600 

16.781 

85,680 

72.672 

57.237 

177.062 

-7.836 

0.389 

6500 

16,786 

85.013 

72.765 

58.715 

1 76.633 

-12*033 

0.586 

6600 

16,791 

06.136 

73,052 

60, 196 

1 76.210 

-16.220 

0.771 

6700 

16.796 

86.656 

73.336 

61.673 

1 75.80? 

-20.398 

0.968 

6800 

16.800 

86.767 

73,610 

63.153 

175. 377 

-26,562 

1.118 

6900 

16.806 

87.073 

73.802 

f>«i • 6 3 3 

1 74, ,949 

-20.729 

1 .281 

5000 

16.808 

87.37? 

76.169 

66. 116 

174.516 

-32,885 

1 .637 

5100 

16.812 

87.66‘« 

76,41 1 

67.595 

174.074 

-37,021 

1 .566 

5700 

16.815 

07.9S3 

76.669 

69.076 

173.679 

-61.153 

1.730 

5300 

16.819 

86.235 

76.922 

70.558 

173.179 

-65.283 

1 .867 

5600 

16.877 

88.51? 

75.171 

72.060 

1 72. 723 

-69*396 

1 .999 

5500 

16.875 

08. 786 

75.61 6 

73.522 

1 72*250 

0 

kA 

1 

2il26 

5600 

16.877 

89.051 

75,657 

75.005 

171.791 

-57,616 

2 -269 

5700 

16.830 

89.313 

75,095 

76.688 

171.315 

-61.763 

2 4 366 

5600 

16.833 

09.571 

76.178 

77.971 

1 70.833 

-65.778 

2 4678 

5900 

1 6.836 

09.075 

76. 358 

79.656 

1 70.365 

-69.862 

2 4586 

6000 

16,837 

90.07s 

76.585 

flO .938 

160.869 

-73,938 

2 .693 


15 September 19 b 2 
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TRIATOMIC CARBON (C 3 ) (IDEAL MOLECULAR GAS) = 36.033 

AH*fo= AH*f298. 15= •88.940 Kcal gfw-1 

Point Group D.„ h ®* 298 . 1 5" deg K * glw 

H* 298.15 - «'o = 2.319 Kcal gfW' 

Vibrational levels and multiplicities 
cm“ ^ uH cm ~ ^ 

1300 (1) 2200 (1) 

550 (2) 

Bond lengths and angles: 

C 'C distance = 1.281 A 
C-C-C Angle = 180 deg 

Moment of inertia: = 65.448 x 10“^® gcm^ a = 2 

Heat of Formation 

Based on data of Drowart , et al^ 

Hea t Capacity and Entropy 

Calculated on polyatomic gas computer program. 

Reference 

1. Drowart. J. . etal, J. Chem. Phys. 3J_, 1 13 1 (1959). 
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TABLE 126 


CALCIUM 


REtERENCE STATE 


Rrlcrrnce btati? for CalcuIaUnR AH,*, \F^, and Log K • Solid Ca from 0" to 1 I 
Liquid Ca from 1123* to i76S*K, Gaai*oua CaTrom 1765* to 6000*K. 


T. 




0 

?98. 1 ^ 
300 
<.00 
^00 

600 
700 
737 
73 7 

eoo 

QOO 

1000 

1 100 
1123 
1123 
1 200 
1 300 
1<.00 
1 50C 


1 600 
1 700 
1 76^ 

1 76“.” 

1 eoo 

1 900 

2 000 

2100 
2 200 
2300 
2<.00 
2A0P 

2600 

2 700 

2eoo 

2900 

3000 

3100 

3 200 
3300 
3<»00 
3S00 

3600 

3700 

3800 

3900 

4,000 

4100 

4200 

4300 

4400 

4500 

4600 

4700 

4600 

4900 

5000 

5100 

5200 

5300 

5400 

5500 

4600 
5 700 
5600 
5Qor 



» .. o ^ 

r» ^ — 


St -(fT-H^)/T 

- ”298 


0.000 

0.000 

IKifINITC 

-1.375 

6-2fl0 

9.950 

9.950 

0.000 

6.287 

9.989 

9.950 

0.012 

6.64 7 

1 1 .847 

10.201 

0«b58 

7.008 

13.369 

10.687 

1 .341 

7.368 

14.678 

1 1 .245 

2.060 

7.729 

15.841 

1 1 .820 

2.81 5 

7.862 

16.243 

12.032 

3.103 

^.665 

16.568 

12.032 

3.34 3 

8.083 

17.214 

12.415 

3.839 

8.775 

18.205 

1 3.004 

4.682 

9.490 

19.167 

13.572 

5.595 

10.221 

20.105 

14.123 

6.580 

10.390 

20.319 

14.248 

6.817 

7.400 

22.162 

14.248 

a«8B7 

7.400 

22.653 

14.772 

9.457 

7.400 

23.245 

15.401 

10.197 

7.400 

23.793 

15.981 

10.937 

7.400 

24.304 

16.519 

11.677 

7.400 

24.781 

17.021 

12.417 

7.400 

25.230 

1 7.491 

13.157 

7.400 

J5 .504 

17,777 

13.638 

4.980 

45.827 

17, iii' 

49.509 

4.982 

45.927 

18.325 

49.683 

4.993 

46.197 

19.785 

50.182 

5.008 

46.453 

21 .112 

50.682 

5.030 

46.698 

22,325 

51.184 

5.061 

*♦6.933 

23.438 

51.689 

5.101 

47,158 

24.464 

^2.197 

5.153 

47.377 

25.415 

52.709 

5.219 

47.588 

26.297 

53.228 

5.300 

47.794 

27.120 

53.753 

5.397 

47.996 

27,889 

54.288 

5.511 

48. 1^ 4 

28.61 1 

54.833 

5.644 

48.390 

29.290 

55.391 

5.796 

48.584 

29.930 

55.963 

5.968 

48.777 

30.535 

56.551 

6.160 

48.969 

31.107 

57.157 

6.371 

49.162 

31.652 

57.783 

6.601 

49.355 

32.169 

58.432 

6.849 

49.550 

32.663 

59.104 

7.115 

49.747 

33.135 

59.802 

7.397 

49,946 

33,587 

60.528 

7.692 

50.147 

34,020 

61.282 

8.001 

50.351 

34,436 

62.067 

8.320 

50.557 

34.836 

62.883 

6.648 

50. 767 

35.223 

63.731 

8.983 

50.979 

35.595 

64.61 3 

9.323 

51,194 

35.955 

65.528 

9.666 

51.413 

36. 305 

66*477 

10.010 

51 .634 

36.643 

67.461 

10.353 

51.858 

36.9'»l 

68.479 

10.694 

52.084 

37.790 

69.532 

1 1 .030 

52.31 3 

37.601 

70.618 

11.362 

52.543 

37,903 

71.737 

1 1 .687 

52.776 

38.190 

72.890 

1 2.004 

53.01 1 

38.487 

74.075 

12.313 

53.247 

30.768 

75.290 

12.612 

53.484 

39,043 

76.537 

12.902 

53.723 

39,31 3 

77.81 3 

13.181 

53.962 

39.577 

79.117 

1 3.450 

54.207 

39.836 

80.448 

1 3 • 708 

54.442 

40,090 

81.806 

1 3.944 

54.683 

40. 340 

83.190 

'4.190 

54.923 

40,585 

84.597 

'4.414 

S' , 1 ^ 

40.876 

86.027 


Kral/j|fw 

ahJ' 


A h 


f 


Ci 

23"K, 


Log 


May 1962 


CALCIUM (Ca) 


(REFERENCE STATE) 


gfw - 40. 08 


O^K to 1123"K Cryatal 
U2 3""K to I Litiuid 


= 0 

^”•298. 15-" 

Tt 

Tm ^ n23^K 
Tb = 1 765 "’k 

“298. 15 -Hq = >• ”5 kcal gfw-' 

= 5. 205 + 3. 605x10 - ’t cal deg K' ' gfw ' 

Cp = 1. 50 4 7. 74 X 10-^T42. SxlO^T'^cal dcgK"^gfw“^ 
C° = 7.400 cal degK'^gfw”^ 

Structure 


LtOlIllC 

Gas 

AII° 

^ 0 

1298. 15 

^298. 

9. 95raldegK“ 


0. 240 kcal gtw"^ 

£iH 

III 

2. t)70kc al gtw' ‘ 

AH, 

^S, H71 kf.ilgt\s ^ 

298. 1 

S«K ^ 7 37''K 


7370 K ^ 1 12 

I IZi'^K < T < 1765‘^K 


Low-temperature form has an f. c. c. structure, above 73r^*K, Ca has a 
b. c. c. structure. 


Heat of Formation 

Zero by definition. 

Heat Capacity and Entropy 

Low- temperature data from Kellcv an<i King. ^ High-lernperature d.\ta 
based on Jauch, ^ and Eastman, Williams, and Yoang. 

M« iting 

Melting point from Kubaschewski 
Vaporisation 

Average of several determinations. 

Further details by Barrianlt ^ £l. ^ 

References 

1. Kelley, K. K. and E. G. King, U. S. Bur. Mines, Bull. S92(l9ol). 

2. Jauch, R. , Diplomarbcit, Techn. Hochachule, Stuttgart (1946). 

3. Eastman. E.D. .A. M. Williams, and T. F. Young. J. Am. Chern. Sor. 1 I 78(1924). 

4. Kubaschewski, O. Elektrochem. S4 , 275 (1950). 

5. Barriaull, R. J. ej^^. ASD TR 61 -260 (May 1962), Pt. 1. 


calcium (Ca) 


(REFtRENCfc STATE) 


OF W ■ <• 0 . 0 0 


SUMMARY 0F uncertainty ESTIMATES 



— 

c»l/ K 

r - 

"K 

s 

Sy ~<t- Y ~ ”298’ ^ 

M r - H 


298 IS 

^ 0.100 

± 0.100 

± 0.100 

± 0.000 

737 

AO . 200 

1 0.140 

± 0.120 

± 0.020 

737 

i 0.300 

* 0.230 

± 0.120 

± 0.080 

1123 

* 1.000 

± 0.370 

* 0.180 

± 0.220 

1123 

: k 0.500 

± 0 . 4 i 60 

± 0.180 

± 0.320 

1 765 

± 1.500 

± 0.640 

± 0. 320 

* 0 . 64»0 

1765 

± 0.000 

± 0.002 



2000 

± 0.000 

* 0.002 



3000 

± 0.001 

± 0.002 



4000 

± 0 . 00 ? 

± 0.002 



5000 

± 0.003 

t 0.003 



6000 

* 0.003 

± 0.003 
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TAhLE 127 


CALCIUM IDEAL MONATOMIC CAS 


Rolerenc#' frjr Ca U Log K Solid Ca from 0" to 1123*K, 

I m«iid Ca frcjin 1123* to I7()S*K, Gaaeoua Ca from 1765* to 6000*K. 



- - . 













r - — 


r. ' ' 

„K. 

. 


r . '’K 

' p 


(Fj - 

Hf 

M1^ 


Log Kp 

0 

0.000 

0.000 

INF I N 1 Tr 

-1.681 

62.116 

62.1 16 

INF 1 NI T£ 

? 9 6 • I 5 

6.966 

36.993 

36.993 

0.000 

62.220 

36.157 

-25 .037 

300 

6 . 96P 

37.0/6 

36.993 

0.009 

62.2J 7 

36.107 

-26.866 

^»00 

6.96B 

3fi .653 

37.188 

0.506 

62.068 

31.626 

-17.170 

500 

6 . 96B 

39.56? 

37,556 

1.003 

61 .882 

28.766 

-12.582 

600 

6 . 96B 

60.66ft 

37.968 

1 .500 

6 1 .660 

26.186 

-9.538 

700 

6 . 9 /. P 

6 1 . / 3 1 

38.301 

1 .996 

61 .601 

23.627 

-7.376 

737 

6 4 

_ _ 6 1 . 6 P 9 _ 

_ 3fl. ' 31 

?. IBO 

61 4 297 

22.690_ 

-6.728 

7 3 7 

6 . 96P 

6 1 .6ft9 

38.531 

2 . 180 

61 .057 

22.690 

-6.728 

POO 

6 . 96 6 

61 . B97 

3ft . 7fi0 

2.69 3 

60.876 

21.127 

-5.771 

900 

6 . ‘f 6 ft 

62.68? 

39.160 

2.990 

60.528 

18.679 

-4.536 

1 000 

6 . 96P 

6 3.005 

39.519 

3.68 7 

60.112 

16.273 

-3.556 

1100 

6 . 9^,8 

63.679 

39,857 

3.986 

39.626 

13.913 

-2.766 

1 1?3 

6 4 96ft 

63.58? 

^ J 9 . 9 3 3 

^ 6.098 


_ 13.376 

, -2.603 

1173 

6 4 96 ft 

53 , 5M? 

39.933 

6.098 

37.631 

13.376 

-2.603 

1 roc 

6 4 96ft 

63.911 

60.178 

6.681 

3 7.266 

11 .733 

-2.137 

I 1 300 

6 4 96ft 

66 . 309 

60.680 

6.977 

37 . 30 

9.616 

-i .617 

’ 1600 

6.969 

66.677 

60.76 7 

5.676 

36 . 7 :>7 

7.518 

-1.174 

j 16 00 

6.97-' 

65 .020 

61.039 

5.971 

36.5. 6 

5.638 

-0.792 

! 16CC 

6.97? 

65.361 

6] .298 

6.668 

36.271 

3.375 

-0.461 

i 17 00 

M , 9 76 

M ' • 66 ? 

61.565 

6.966 

36.029 

1 .327 

-0.171 

1 1766 

6 4 9flr, 

65 .H/7 

6 1 . 696 

7.28V 

35.871 

0.000 

0.000 

1 1766 

6 4 -^hO 

65.827 

6 1 .6 >6 

7.289 




; IPOO 

6 4 9 P ? 

65.9/7 

61 . 7ftl 

7.66 3 




1 1900 

6 . * 9 3 

66.197 

6? .00 7> 

7.962 




* ,^nor 

5 ,1^08 

6 6,65 3 

6 / , / / / 

0.662 




' *M 0 0 

5 4 

66 . 69fl 

6?, 6/9 

8.966 




' r o n 

■ 4 ^ 1 

6 6. K 3 

6?46?9 

.669 




P %or 

* . ! 0 ! 

67 . 1 5P 

6?.8?1 

9.97 7 




?6 00 

* 4 1 3 

67 . 3 7 7 

63.006 

10.4iB9 




c 

c 

5.219 

67.580 

63.185 

1 1.006 




, O^iOO 

5 . 300 

6 7 . 79*. 

63.358 

11.533 




2 700 

' . A 97 

6 7,996 

6>.52 7 

1 2.068 




2fi00 

•'.52 1 

60.1 96 

6 J , f 1 9 0 

1 2.61 3 




. 2 90C 

5 . 6 6 

6H . 390 

6 > .86fl 

13.171 




' 3 00 0 

. 7 96 

68.506 

66,003 

3 3.763 




ilOO 

5.96ft 

6R , 7 . 7 

66,156 

1 6 4 331 




1 3 7 00 

6.160 

60.969 

66 . >01 

6.937 




1 3300 

. W 1 

m9 . 16? 

6 6 • 64. 6 

15.563 




1 3^00 

6 . 6C" 

6 9.3*'* 

66.507 

i6.?ir 




: ^6 00 

6.86') 

6 9 , 0 

66 . 7?7i 

1 6.086 




j 3600 

7.115 

6 9, 767 

66 , 06 ‘ 

17.582 




, 3700 

C 3 9 7 

69.966 

66 . 906 

10. 308 




, 3000 

7.69/ 

•'0,167 

66,131 

19.06? 




390C 

p 1 

‘0.351 

6‘ , 26 

19.067 




1 6000 

h. iPO 

50.55 7 

65, 39? 

/0.66 3 





6 100 

H ,660 

5C^ . 76 7 

6 5, 5/(2 

21.511 





6200 

ft . 9 8 3 

■ 0.979 

65,660 

22. 393 





6 300 

9 . 3/3 

‘1.1 96 

4 5,7 76 

23, >08 





6600 

9.666 

^1.613 

65. 900 

26 • 257 





6501 

10.0 1 0 

51.636 

66.0/5 

25.261 





6600 

10,353 

51.058 

66.169 

264/59 





6 700 

1 0.696 

‘ ? .006 

66.273 

2 7 4 3 1 2 





6000 

1 1 .030 

5?, 31 3 

46.397. 

20. 398 





6900 

1 1 4 36? 

52.56 3 

66.519 

29.517 





5 000 

1 1 .6ft 7 

5? , 7 76 

6 6 4 6 6 2 

30.670 





S 1 0(1 

1 /.006 

53.011 

66 . 765 

31 .855 





5 7nn 

! / 4 3 I 3 

5 3.?6 7 

6 6.00 7 

33.070 





3 00 

1 / 4 6 1 2 

53,606 

6 7.009 

36 . 31 7 





56 00 

1 7.90? 

53.7/3 

67.132 

35 , 59 3 





5 5 00 

13.181 

5 3, /r>/ 

6 7 ,?56 

36.897 






1 1,650 

56 . ?0/ 

6 7 , 3 7 f. 

38. 228 






1 ^ , 7 0 ft 

66.66/ 

6 7,69 ; 

39.586 





5 PC'" 

1 3.956 

56.603 

67.619 

60.970 






16,190 

66.9?3 

6 7 . 76 1 

6?. 37 7 





■'O. 

1 6 . <4 1 6 

55,166 

67.863 

63.807 





M. iv P > o2 
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CALCIUM (Ca) 


(IDEAL MONATOMIC GAS) 


gfw - 40. 08 


= 42. 114 Real glw*! ^^£298. 1 5 = “*2. 220 Real gfw'^ 

Ground State Configuration = ®0 ®298 15 ~ degK'^gfw"^ 

”298. 15 - ”0 = *• ‘*®‘ 

Electronic Levels and Multiplicities 
Energy Levels from Moore. ^ 

Heat of Formation 

Average of several determinations. 

Heat Capacity and Entropy 

Calculated on monatomic gas -computer program. 

Further details by Barriault et al. ^ 

References 

1. Moore, C. , Atomic Energy Levels, Vol. 1, Nat. Bur. Stds. (19*19). 

2. Barriault, R. J. <^al . ASD TR 61 -260 (May 1962), Ft. I. 


CALCIUMt MeNATSMlC (Ca) 


( IDtAL GAS ) 


Gfw • AO.Ob 


SUMMARY SF UWrERTAINTY tSTlMArtS 



r^. 

C«{ "K *<•— 

\ 

^ K 

jl 

ftU 

— 



T.^K 


Sj -(Fy 

- H^os' T 

Hi - H v;h 


M , ! 

S' 

29ealS 

0.000 

± 0.002 

i 0.002 

A 0.000 

A 

0.250 

♦ 

0. JOO 

* 0.220 

737 

i 0.000 

± 0.002 

A 0.002 

i 0.000 

A 

0.2 50 

A 

0. J40 

1 0.110 

737 

* 0.000 

A 0.002 

* 0.002 

A 0.000 

A 

0.250 

A 

0. 3«.0 

A 0.110 

1123 

0.000 

A 0.002 

A 0.00 2 

A 0.000 

A 

0.450 

» 

0,450 

« O.OH0 

1123 

* 0.000 

i 0.002 

A 0.002 

A 0.000 

i 

0.550 


0.450 

A O.OB0 

1 765 

* 0.000 

* 0.002 

± 0.002 

A 0.000 

» 

0.0 fO 

A 

0.0 »0 

A 0.100 

1765 

± 0.000 

± 0.002 

A 0.002 

A 0.000 






2000 

* 0.000 

± 0.002 

A 0.002 

A 0.000 






3000 

* 0.001 

* 0.002 

A 0.002 

A 0.001 






4000 

* 0.002 

± 0.002 

A 0.002 

A 0.002 






5000 

± 0.003 

A 0.003 

A 0.003 

A 0.00 3 






6000 

* 0.003 

A 0.003 

A 0..00 3 

A 0.005 
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1 abi.f: izh 


CALCIUM OXIDK 


CONDENSED PHASE 


CaO 


r< ncc Sl.it/. for C..|.utal,rin M!J. NFf, ..ml Lor K Solid Ca from 0 * to II^TK. 
Liquid Ca fro,., 11^ r „> 17f,S*K. OaMrou. Ca from YTf.S-K to 4000-K. Ga8eou» O.. 
bolidCaO from 0* to 2Hf,0*K. Liquid CaO from 28f.O" to 6000-K. 


1 "k 


c.l/ 'K 



If 

1 

N 



‘ p 

''T 

fl t - 

Kt - 



L“ll »Cp 

0 

0.000 

0.000 

INFINI Tt 

-1 .668 

-150.666 

-150.666 

INFINITE 

298. 1 

10.230 

9.561 

9.561 

0.000 

-151.410 

-143.988 

105.541 

300 

10.254 

9.624 

9.56 1 

0.019 

-151 .410 

-143.942 

104.857 

i»00 

11.120 

12.708 

9.976 

1.093 

-I 51 . 336 

-141 .463 

77.288 

bOO 

11.579 

15.241 

I 0 . 784 

2.230 

-151 .248 

-139.005 

60.756 

600 

1 1 .8 76 

17.383 

11.710 

3.404 

-151.1 71 

-136.564 

49*741 

700 

12.101 

1 . 2 3 1 

12.655 

4.603 

-151.115 

-134.134 

41 .877 

737 

12.1 

19.85^, 

1 3.00 1 

5.052 

-151 .101 

-133.237 

39.508 

Til 

1 2. 1 72 

19.656 

1 3.001 

5.052 

-151 • 341 

- 1 33.237 

39.508 

600 

I ? . 2 H 3 

20.859 

13,501 

S.022 

-151 • 319 

-131.690 

35.974 

900 

1 2.442 

2 2 . 3 1 5 

1 4 .472 

7.059 

-151. 333 

-129.236 

31.381 

1000 

1 2. 58 ; 

2 ) .6 34 

I 5. 32 3 

0.310 

-15 1 .408 

-126.770 

27.706 

1 1 00 

12.722 

24.840 

16.134 

9.57b 

-151 .547 

-124.309 

24.697 

1 123 

1 2. 752 

25.10? 

16.315 

9.869 

-151 .580 

-123.739 

24 .080 

1123 

12.752 

25.103 

16.315 

9.869 

-153.658 

-123.739 

24 .080 

1 200 

12.851 

25.952 

1 6 . 90 7 

10.855 

-153.569 

-121 .690 

22.162 

1 300 

12.975 

26 . 986 

17.643 

12.146 

-153 447 

- 119.039 

20.011 

1 400 

13.095 

27.952 

18.345 

1 3.449 

-153.315 

-116.397 

18.170 

1 son 

13.214 

28.859 

19.016 

14. 765 

-153.1 P 

-113. 765 

16.575 

1 600 

13.330 

29.716 

19.650 

16.092 

-153.026 

-111.142 

15.161 

1 700 

1 3.44.5 

30.527 

20.274 

17.431 

-152.869 

-108.529 

13.952 

1 764 . 79 

13.519 

31 .033 

20.661 

18.307 

-1 52. 762 

-106.843 

13.229 

1 764. 7v 

13.519 

3 1 ,033 

20.66 1 

1 8. 307 

-188.633 

-106.843 

13.229 

1 60n 

13.559 

31.299 

20.865 

1 8. 78 1 

-188.489 

-105.21 9 

12.775 

1 900 

13.672 

32.0 3S 

21 .434 

20. 14 3 

-188.073 

-100.605 

11.572 

2000 

13.764 

32.739 

21 .902 

21 .515 

-187.651 

-96.01 1 

10.491 

2100 

1 3,896 

33.415 

2 2 . 5 1 0 

22.899 

-187.22? 

-91 .439 

9.516 

2200 

1 4.00-’ 

34 .064 

23.021 

74.295 

-1 86. 76'7 

-86.888 

6.631 

2 300 

14.1 16 

34 .6H9 

23.514 

25.701 

-186. 347 

-82.359 

7.626 

2400 

14.226 

35.292 

23.993 

27.118 

-185.902 

-77.845 

7.068 

2500 

14.336 

35.875 

24.456 

28*546 

-1 85.457 

-73.354 

6.412 

1 

2600 

14.446 

36.439 

24.906 

29,986 

-185.009 

-68.878 

5.789 j 

2700 

1 4 .556 

36,987 

25. 344 

31 .436 

-184, 563 

-64.422 

5.214 

2600 

14.46 7 

37.518 

25.769 

32.897 

-184.117 

-59.979 

4. 661 1 

2660 

1 4. 733 

^3 7 . M •> 0 

26.019 

_?3.779 

-183.85?_ 

- 5 7 . 3 2 7_ 

4.380 j 

2860 

^6 . 400 

41. 844 

26.019 

50.979 

-166. .1*^2 

-57.327 

4.380 ! 

2 90 0 

16.- no 

54.073 

26.266 

51 .639 

-l66.*‘^7 

-55.793 

4.204 I 

^oor 

i f. , ' 0(' 

4 4.6 \P 

26.869 

53.289 

— 165.'* < 

-51.989 

3,787 

3100 

1 6. f 00 

45.173 

27.451 

54.939 

-165.222 

-48.20> 

3.398 

3200 

16.500 

4 5 . 6 7 

2H.01 J 

56.589 

-164.659 

-44.442 

3.035 1 

3 300 

16. 500 

46.205 

28 . S's / 

58.239 

-164.117 

-40.690 

2.695 1 

3400 

16.500 

46,697 

2 9 , 0 8 » 

59.889 

-163.601 

-36.961 

2.376 ! 

3500 

16.500 

47.1 ^6 

2‘J.59? 

61 .5^9 

-163.1 10 

-33.242 

2.076 j 

3600 

1 6.50C 

47.641 

’0.088 

63.189 

-162.647 

-29.537 

1.793 i 

3700 

1 6.500 

4M . 093 

30.569 

64 .839 

“162.214 

-25.845 

1.527 1 

3800 

16. 500 

48.533 

31.035 

66.489 

-161.810 

-22.1 64 

1.275 j 

3 900 

16.500 

‘.8,961 

31 .490 

60.139 

-161 . ' '»0 

-1 8.495 

1.036 ( 

4000 

16.500 

4 9 . 3 C 

31.932 

09,789 

-161.102 

-14.8^5 

0.810 j 

4 100 

1 6.5 00 

49.766 

32 . 362 

71 .439 

-160. 798 

-11.179 

0.596 I 

4 200 

16.500 

‘ 0 , 1 8 4 

3 2 . 7 0 2 

73.089 

;o2 .530 

-7.534 

0.392 

430C 

16.500 

50.572 

33.191 

74 . 7 39 

- 160.296 

- 1.094 

0.198 

4400 

16.500 

50.952 

33.590 

76.389 

-160.099 

-0.254 

0.013 

4 500 

16.500 

5 1 .32? 

3 >,98 0 

78.039 

-i 59.939 

3.375 

-0.164 

4600 

1 6.500 

5 1 • 5 5 

34, 361 

79,689 

-159.815 

7.003 

-0.333 

4 700 

1 6. 500 

57.040 

34,734 

81.339 

-159.720 

10.629 

-0.494 

4 600 

16.500 

52.387 

35.090 

82.989 

- 1 59.670 

14.255 

-0.649 

4 900 

16.500 

52 . 728 

35.454 

04.639 

- 1 59.663 

17.877 

-0 .797 

5000 

16.500 

5 3. a*. I 

3 5.80 3 

06.289 

- 1 59.687 

21.500 

-0.940 

5 1 no 

16. 500 

5 3 , 3H8 

36. 1 4‘. 

H7.9'39 

-159. 747 

2 5 . 1 2 8 

-i .077 

•>200 

1 6.500 

i . 708 

36.4 79 

09.509 

-159.842 

<’8.751 

-1 .208 

5 3 00 

16.50' 

54,022 

36.80 7 

91.239 

-1 59,9 75 

1?. 179 

-1.335 

5 4 0 C 

1 6. 500 

'•4.3 31 

37.129 

# 2 . H 8 9 

-160.145 

36.0 13 

-1.457 

5500 

1 6.500 

*1 4 . 6 3 * 

3 7.44 5 

94. ''3 9 

-1 60. 352 

39.649 

- 1 .575 

5 600 

1 6. ‘•00 

54.931 

3 7, 7'.4 

96.189 

-160.596 

41.287 

-1 .689 

5700 

1 6.500 

5 5 , 2 2 » 

18.058 

97.039 

- 1 60.980 

46.911 

-1 .799 

5 6 00 

16.500 

‘5.510 

38,356 

J9 .409 

* 161 . r'-'f* 

50.507 

-1 .906 

5 900 

1 6 . 50(; 

‘ 5 , 7 92 

3H,6‘ 0 

101.139 

- 1 6] .5 74 

5 . 2 4 1 

-2.009 

(.0(10 

16.500 

' 6 .06 V 

38,918 

1 02 . 70 ^ 

161 .906 

■* 7.900 

-2 .109 
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CALCIUM OXIDE (CaO) 


(CONDENSED PHASE) 


gfw - 56. 08 


^«Wl5 = -i51.410kcalg/u.-^ 9.561 cal deg K' • 

T = 2860^K ^ 

m 

«298. J5-”0 = 

Cp = 11. 67 f 1 . 08 X 1 O'^T - 1 . 56 X 1 O^T'^ cal deg K' *gfw' * 

298. 15°K ^ T ^ 2860‘’K 

C° = lb. 5 cal deg K-*gfw‘* 2860°K ^ T ^ 6000°K 

Structure 


An fee (NaCl) type. 

Heat of Formation 

1 

Obtained from combustion calorimetry by Huber and Holley. 

Heat Capacity and Entropy 

Low- temperature data of Nernst and Schwers^ and Parks and Kelley ^ 
analyzed by Barriault et al^^ High- temperature data of Kelley^ extrapolated 
to melting point. Liquid heat capacity estimated. 

KiClting and Vaporization 

Heat of fusion estimated. 

References 

1. Huber, E. J. and C. E, Holley. J. Phys. Chem. 60, 498 (1956). 

2 . Nernst, W. and F. Schwers, Sitzb. Konig. Preuss. Akad. Wiss. 1, 
355 (1914). 

3. Parks. G. S. and K. K. Kelley. J. Phys. Chem. _3^ 47 ( 1926 ). 

4. Barriault, R. J. et a^. ASD TR 6 1 - 260 (May 1962). Pt. 1. 

5. Kelley. K. K. , U. S. Bur. Mines, Bull. 584 (1960). 


calcium tXlOE (CaO) (CSMOCNSEO PHASE) Gr« » S6,06 

SUMMARY «F uncertainty ESTIM ATES 


T, 








Kial glw 


-i'f 


\ 


lo, K 


P 


298.15 

1000 

2000 

2660 

2860 

4000 


± 0.200 

± 0.430 

* 0.930 
A 1 .740 

* 1 .000 

A 2.000 


A 0.150 
± 0.290 
± 0.460 
A 0.610 
A 1.100 
A 1.600 


A0.150 
« 0.210 
±0.300 
±0.370 
± 0.370 
±0.650 


± 0.000 

t 0.080 

A 0.330 
±0.680 
± 2.080 
A 3.790 


±0.500 
±0. 760 
±1.700 
A 2.050 
± 3.450 
±5.160 


±0.570 
±0.870 
A 1.540 
± 1.060 
A 1.860 
± 3.320 


±0.420 

±0.190 

±0.170 

±0.160 

±0.160 

±0.160 
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T \t»L E 12V 


CALCIUM OXIDE IDEM. MOI.ECULAR GAS C30 

R«terrnrr vStatr for Calc ulrttiriK N . AFf, and Log K Solid Ca from 0* to JI23*K. 

Liquid Ca from 1123 tcj l7b5"K, Ci.tRpoud Ca from I76S* to fi000*K, Gasroua O^, Gaseoua CaO. 

.c.l/'IC*f._. ^ , __Kc.I/,l«._ 

^7 T ‘ " *^798 ^'“1 



0 0.000 

298.15 7.iS3 

300 7.561 

600 7.957 

500 8.233 


0.000 INFINITE 

56.217 56.217 

56.263 56.217 

56.495 56,518 

58.301 55.100 


-2.117 1.095 

0.000 0.800 

0.014 0.795 

0.791 0.572 

1.601 0.333 


1.095 INFINITE 
-5.092 3.733 
-5.129 3.736 
-7.070 3.863 
-8.953 3.913 


600 

700 

737 

737 

800 

900 

1000 

1 100 
1123 
1 123 
1 200 
1 300 
1 400 
1 500 

1600 
1 700 
1 766 . 7v 
1 764. 

1 000 

1 900 

2 000 

2 ICO 
2200 
2300 
2 4 00 
2 500 

2 600 
2700 
2 800 

2 900 
3000 

MOC 

3 200 
3300 
3400 
3500 

3 60 

3 700 
3B0C 
1900 

4 000 

4 100 
4200 

4 300 

440C 

4500 

4600 

4700 

4600 

4900 

5000 

5100 

5 700 
5 300 

5400 

5500 

5600 
5700 
5800 
5 900 


8.427 

59,020 

55.763 

8 • 564 

61.130 

56.439 

8.604 

61 .572 

5 6 . 6b 5 

8.604 

61 .572 

56.605 

8.663 

62.201 

5 7.099 

8.737 

63 . 305 

57.732 

8. 795 

64 .229 

58.337 

8.841 

65.069 

58.91 1 

8.0 50 

65.253 

59.039 

0 . H50 

65.253 

59.039 

8.879 

65.040 

59.45 7 

8.911 

66.5t2 

59,976 

8.93P 

67, Jl4 

60.469 

8.963 

67.8/1 

60.940 

8.98 5 

68.411 

61 . 389 

7 ,0C5 

6P . 956 

61.810 

9.017 

69. '94 

62.007 

9 . 0 1 f 

49,294 

62,09 7 

9.023 

69,471 

62.229 

9.04 1 

69 . 960 

62.623 

9.058 

70.424 

63,002 

9 . 0- / 5 

70,866 

63.366 

9. <191 

71 ,289 

6 3,717 

9.108 

7 1 .694 

64.055 

9. 1 2‘ 

72.00? 

64,382 

9.142 

72.455 

64,697 

9,161 

72,814 

65,003 

9.1 80 

73.160 

65.299 

9 .200 

7 3 . 4 9 ‘• 

65,586 

9.;2i 

73.818 

65.865 

9.244 

/4. 1 i? 

66.135 

9 . 2 6 8 

74,436 

66 . 399 

9 . 2 9 » 

74.731 

66.655 

9 . 120 

75.017 

66,904 

9, 349 

75,297 

67,147 

9 , ■< 7 fl 

7* . 568 

67. 385 

9 . 4 1 0 

75,834 

67,6l6 

9,44 3 

76.092 

67,842 

'V . 4 7 7 

76. 345 

68,06 « 

9 . s 1 i 

76.591 

68.280 

9.551 

76.8 35 

68.491 

9 , 5 90 

7 7.0 ’2 

68.698 

'V . 6 3 0 

7 7 . 304 

68.901 

9.672 

7 7 , ^ 3 2 

69.100 

9.714 

■■7. 7‘-6 

69.295 

9. 75B 

77.975 

69.486 

9.8C 3 

7 H . 1 V 1 

69.674 

9, 849 

78.404 

69,859 

9.8 96 

7H.6I 3 

70.040 

9.94 4 

78.818 

70.218 

9.99 3 

79. 3. 1 

70.393 

10.042 

79.220 

70.566 

10.092 

79.41 7 

70. 735 

10.142 

79.611 

70,902 

10.193 

79.003 

71,067 

10.244 

79,992 

7 1 .22 9 

10.296 

00.1 78 

7 1 . 38B 

10. 348 

80- 363 

71 .546 

1 0. 400 

00.545 

7 1 . 70 I 

10.453 

00. 72‘ 

71 .054 

10.905 

80.903 

72. 30 


2.434 

0.069 

-10.786 

3.204 

-0,224 

-12.573 

3.602 

-0.341 

-13.222 

3.60? 

-0.501 

-13.222 

4.146 

-0. 786 

-14.295 

5.016 

-1.165 

-15.960 

5.892 

-1.617 

-17.582 

6.774 

-2.139 

-19.153 

6.978 

-2.269 

-19.508 

6.978 

-4. 339 

-19.500 

7.660 

-4.55/ 

-20.540 

8.550 

-4.8 3 

-21 .062 

9.44? 

-5.1 i 3 

-23.161 

10.337 

-5, 39 ^ 

-24.44 1 

1 1 .235 

-5.673 

-25.702 

12.134 

-5.956 

-26.944 

1 2. 720 

-6.139 

-27,750 

12.720 

-42.010 

-27.750 

13.036 

-42.024 

-27,465 

13.939 

-42.067 

-26.654 

1 4 .844 

-42. 1 1 2 

-25.842 

15. 750 

-42.161 

-25.027 

1 .659 

-42.21 3 

-24.211 

1 7.569 

-42.260 

-23.393 

18.4B0 

-42.331 

-22.570 

19.394 

-42.399 

-21.746 

20.309 

-42 .4 76 

-20.919 

21 .226 

-42.563 

-20.091 

22. 145 

-42.660 

-19.256 

2 >.066 

-42. 771 

-18.420 

23,90y 

-42. 

-17,577 

24.915 

-43.03. 

-16.732 

.943 

-43.1 95 

-1 5.886 

26.773 

-43. 374 

-15.027 

27.707 

-43 574 

-14.169 

20.643 

-43. 797 

-13.303 

29.583 

-44 • 04«* 

-12.428 

)C-525 

-44. 318 

-11.547 

31-471 

-44.619 

-10.659 

^2.421 

-44.948 

-9.767 

3>. 374 

-45.307 

-8.862 

34.331 

-45.696 

-7,945 

35.292 

-46. 1 17 

-7,025 

3ft. -*57 

-46. '>69 

-6.09? 

37.227 

. 7 . u 5 2 

-6 , 144 

38.200 

-47.560 

-4.191 

39, 1 7y 

-48.1 15 

3.225 

,0.161 

-48.697 

-2.250 

41 .149 

-49. 300 

-1.257 

42-141 

-49.952 

-0.256 

43.138 

-50.620 

0.760 

44.140 

-51 . 336 

1.769 

45.147 

-52.074 

2.833 

46.159 

-52.845 

3.807 

47.176 

-53.640 

4,950 

mH. 198 

-54.403 

6.044 

49.22' 

-55. 150 

7. 148 

'.0.2 58 

-56.2':2 

8.261 

51 .296 

-S 7. 190 

9. »90 

52 • 33^ 

-50.164 

10.547 

• 3. - 

-59.1 79 

11.714 


3.928 

3.925 

3.921 

3.921 

3.905 

3.875 


3.805 

3.796 

3.796 

3.741 

3.675 

3.615 


3.511 

3.464 

3.436 

3.436 

3*334 

3.066 

2.824 

2.6C4 

2.405 

2.223 

2.055 

1.901 

I .758 
1 .626 
1.503 
1.368 
1.280 

1.180 
1 .085 
0.995 
0.911 
0.831 

0.754 

0.682 

0.613 

0.547 

0.484 

0.424 

0.366 

0.310 

0.256 

0.204 

0.153 

0.105 

0.057 

0.011 

-0.033 

-0.077 

-0.U9 

-0.160 

- 0.201 

-0.240 

-0.279 

-0.317 

-0.354 

-0.391 

-0.427 
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CALCIUM OXIDE (CaO) 


(IDEAL MOLECULAR GAS) 


gfw = 56. 08 


Ah°q= 1. 095 kcal g£w-l A j 5 = 0- 800 gfW ‘ 

Ground State Configuration = L ^298 15 ” K“^gfw"^ 

^298 15*^0 = gfw-1 


cm“ ^ 


State 

g 

E 

CO 


^eV e 

Be 

“e 


mm 


- 

0 

850. 0 

5. 0 

- 

0. 53 

0. 004 

- 

0. 7 

X'*E 

- 

15000 

732. 11 

4. 81 

- 

0. 44447 

0. 003 35 

- 

0. 656 

3 

E 

- 

20000 

725. 0 

4. 0 

1 

0. 45 

0. 003 

- 

0. 7 


Heat of Formation 


Average heat of dissociation of 100 kcal g'fw"^ adopted. Bcised on works 
of Brewer,^* ^ Gaydon, and Ackermann et al. ^ 

Heat Capacity and Entropy 

Calculated on diatomic -gas program using above spectroscopic 
constants. 
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TABLE 13Q 


REFERENCE STATE 


Ce 


Keferen(,e Stat#- for CahulrfliriK and Log Kp Solid Ce from 0“ to 1077*K, 

Liquid from 107/* to Gan Iron/ 4271* to f,U00*K. 


^7.“ 

■«pr c 

y'?r- 

ucrr 

4 1 r : 

t*?7C. 

7 • . 

<.*.cc 

uf,ro 

<«70c 

<»A00 

<.<)or 

*.00 0 

siro 

•>?ro 

*>4 00 

S400 

SfSOC 

4 6 00 
•) 7 00 
?ifi0P 

•>Q0r 

6000 




c b1/ "K jjfw 

^ \ 

r- 

I . '^K 

S' 

S', n 
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0 
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0.000 
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h,UUfi 

17.680 
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0.017 

400 

6.754 

19.5/6 

1 7,89 7 

0.677 

50C 

7.0 96 

21.170 

IH. 391 

1 . 364 
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7 .456 

77.446 

16.959 

2*09 2 

70C 

7.840 

7 i .6/: 5 

19.54 _3 

7 • 856 

800 

8.748 

74.697 

70.: 71 

3.661 

900 

8.660 

75 .69_* 

70.685 

4.50 7 

1000 

9.135 

76.631 

71 .73 j 

5. 39 7 

1 00 3 

9.149 

76.6*'8 

21 .750 

5.475 

1 00 1 

^.04 7 

77.356 

7 1 .7*- 0 

6.175 

1077 

9.04 7 

.oo<^ 

_J* J .69 7__ 

6. 794 

107 7 

9. 344 

79 . .49 

7 1 .697 

B.O 3? 

1 1 on 

9. 34* 

?9. 347 

71.650 

8.247 

1 7 0 0 

9 . 34 5 

30.1 6C 

7 7. 5*^9 

9.187 

1 5'^C 

9. *45 

30 . 9C5 

73.17b 

1C. 1 16 

1 41'il.' 

9 . 345 

3 1 . 6 C i 

7 3. 7-^ ^ 

1 1 . C 5 i 

1 *GC 

9.34* 

37 . 74*' 

74,755 

1 1 .985 

1 600 

9. 34 5 

37.849 

74,774 

12.970 

1 7 00 

9.34* 

3 3 . 4 i *, 

2 5.767j 

1 3.854 

1 BOO 

• 3 4 *. 

) 3 .949 

7 . 7 3 1 

14 . 789 

1 90 0 

9.^4*- 

3 4 , 4 *« * 

76.179 

15.773 

7 COO 

9.345 

34 . 9 J4 

76.605 

16.658 

7 l^C 

9.34* 

35,390 

77, Ci ) 

i 7.597 

7 70^ 

9, 34*. 

•» 5 . H 7 ' 

77.403 

18.577 

7 30 (. 

9 . 3 4* 

’5.740 

77.779 

i9.46l 

7 4 1 ' r 

Q , » 4 

3 6 . 6 3 H 

7 H . 1 3 9 

7''. 396 

7 4 1-0 

9. 34 5 

3 7.01 * 

78.48 7 

21. 330 

76CC 

9 . 34 

37.386 

78.877 

22.265 

7700 

9.345 

37.736 

29,146 

23.199 

7 800 

9.345 

38.078 

29.459 

24.134 

7900 

9.345 

3B.406 

29.762 

2S.068 

3000 

9.344 

38. 723 

30.095 

26.003 

3L' 

9, 34* 

’ . C 7 

*C. 34 0 

76.937 


9 . » 4 * 

3 9 . 3 7 1 

3 0,615 

. */ • 8 77 

• 3 c r 

I4r 

3 ' » , 6 1 4 

'0.884 

76.806 

3 4 0 

9 . ’4'- 

3 9 . 

31.145 

0.741 

J 4 ' 1-. 

'4'1 

4 C .16' 

3 1 . -*99 

‘0.675 

3 6CO- 

. 34*' 

4 . ) , M 7 7 

31.646 

31.610 


Kt bI 

4 fl, 


l og Kp 


<45 

M r , f H 1 

’ 1 . 

<4* 

4 , 9 < 7 

’ 7 , 


4 1.17* 

3 7 . 

*45 

M 1 .4 1 1 

3 7 , 


47.07 * 

3 7 , 

<4* 

4 1 . t 4 7 

3 , 

^4 * 

_4 : , 8 1 7 

3 3 . 

7 07 

* : . 3''6 

T 3 , 

7 1 6 

('7.4^7 

. 1 , 

7 6m 

6 ’.641 

’ 4 , 

* : 7 

67 .676 

< 4 , 

<hO 

6 < . 0 i 1 

35, 

4 0 ? 

6 3 . 1 ‘G 

3 5 , 

/, ». 1 

6 ‘ . jt 9 

36, 

Mbp 

6 < , *' 4 1 

36. 

S4 7 

6*. 71* 

37 . 

, 5 84 

63 . ’*■ 4 

3F, 

,6 74 

64.057 

3b , 

,663 

64.71 7 

39 , 

, 6‘)9 

64,379 

3 9 

, 7 <4 

64.5 

3 9 

» 766 

64.697 

4 0 

, 7 95 

64.857 

40 

.877 

6*' .005 

41 

. 046 

6^.156 

4 1 

,868 

65 . 305 

4 7 


4 J . 0 1 < 


. 5^4 
3 3 . 4 7 
44 .*.1 1 
44 , 448 

3'o . 28Z 

47.71 7 

? 7 . 88 0 

i ?4 .989 
174.177 
174.941 
176.700 

7.61 •* 

1 £ 8 • 4 S ? 
1 79.795 
1 ?0 .147 
1 -<0.994 

1 31 .941 
1 37. 71 I 
1 3 3 . 5 7 1. 

134.444 

134.314 

1 36. 190 
1 37.068 
1 37.949 
1 3B.933 
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CERIUM (Ce) 


(REFERENCE STATE) 


g£w = 140. 1 3 


O K to 1077 K 
I077°K to 4271‘^K 
4271«>K to 6000"K 


Cryntal 

Ljiquid 

Ideal Monatomic Gas 


Ah”o - 0 


Ah 


15 


Ah 


2298. 15 ’ ‘’'^•'’00 kc.l 8fw- 


'298. 15 


17. 640 cal deg K" *gfw 


1 


- 1077‘'K 


Tb - 4271^K 

»298.15-”o ^ 8f*-* 


Zint = 0. 700 kcal gfw" ‘ 
Ah^ - 1. 238 kcal gfw'* 
Ah = 87. 009 kcal gfw"* 


-7^- 


C*^ = 5. 649 + 2. 300 X 10"^T > 1 1. 8b2 x 10' ^T" cal deg K" *gfw 
P 


- I 


Cp ^ 9. 047 cal deg K' ^gfw‘ 
Cp ^ 9. 34S cal deg K“*gfw 
Structure 


- 1 


298. 1 S K ^ T 1 003°K 
1003®K T ^ 1077^K 
1077‘^K < T < 427i''k 


y -Ce IS f. c. c. from 260" to lOOB^^K. 6 -Ce is b. c . c. from 1003"" to 1077«K. 
Heat of Formation 


Zero by definition. 


He at Capacity and Entropy 

Low-temperature data estimated See volume 1, this study (section IV AS) 
for details. High -temperature data by Spedding et ^ 

Melting and Vaporiaation 

Heats of transition and fusion from Speddin'g et aL * Heat of vaporization 
value recommended by Spedding and Daane.^ 
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CERIUM (Ce) (REFERENCE STATE) 

SUHMARr RF UNCERTA INTY E STIMATES 


GFW - 1A0.13 




rm\f '’K 


If. 


r • 


. ^ 

f O 

•k 

p 





298.1S 

4 0.050 

4 0.600 

4 0.800 

4 0.000 

1003 

4 0.050 

4 0.830 

4 0.610 

4 0*020 

1003 

4 0.050 

4 0.836 

4 0.810 

4 0.028 

1077 

4 0.050 

4 0.640 

4 0.810 

4 04030 

1077 

4 0.050 

4 0.644 

4 0.810 

4 0.034 

2000 

4 0.100 

4 0. 900 

4 0.840 

40.110 

3000 

4 l.OOO 

4 1 .120 

4 0.900 

4 0*660 

4000 

4 2.900 

4 1 .680 

4 1.030 

4 2.610 

4270.73 

4 3.400 

4 1.890 

4 1 .080 

4 3.460 

4270.73 

4 0.300 

4 0.770 

4 0.660 

4 0.490 

5000 

4 0.400 

4 0*630 

4 0.680 

4 0.750 

6000 

4 0.500 

4 0.9t0 

4 0.710 

4 1.200 
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lAhLE in 


CERIUM 


I HEAL MONAIOMir: CiA.S 


Ce 


Rc-fc- ronre St.ite lor li nl.ilio^ M- j , and Cok K Solid Ce from O' lo lfJ77*K, 

Liquid Ce from 107 7' lo <l^7rK, G.iscouh c:e from 4^71' lo f>000'K. 


7. 




cl' K nlw. - 
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^ Ki m\/nlw. 

»r-»w« AM, 




»-"» itp 


0 

?98. 1 S 
700 
400 
SOO 

600 
700 
a on 
900 
lOon 

1 007 
1003*"’ 

1077 

1077 
1100 
1 70n 

1 300 
1 400 
1 sop 

i 1600 

I 1 700 
I IP 00 
1 1 900 

; .■’coc 


; ?ioo 
! .'?or 

' ^3rc 

1 r 4 c f 

I r 0 


? 70C< 

I : pc ^ 

1 jooo 
i loor 

I l 00 
I iroL 
I n('n 

' •> 4 n 

1?.00 

1600 

3700 

3800 

3900 

4000 

4 100 
i*?00 
4.'’ TO . 7 
4? 70 . 7 
4300 
i 4400 

j 4 son 

I 4600 
I 4700 
I 4fl0C 
I 4900 

I sooo 

MOO 

s?oo 

S3O0 

S4or 

ssoo 

•j6no 

S700 

‘000 

SQC^ 

600C 


0.000 

0.000 

infinite 

-1 .509 

95.624 

95.624 

INFINITE 

^.438 

63.691 

43.591 

0.000 

95.000 

87,263 

-63.962 

^ . 447 

43.626 

4 3.S91 

0.010 

94.998 

87.215 

-63.533 

•..8 94 

46.266 

43.810 

0.577 

94.905 

84.635 

-46.240 

6.219 

46.606 

44,238 

1 .185 

94.821 

02.076 

-35 .876 

6.46^ 

47. 763 

44,73/ 

1.819 

94.727 

79.536 

-28.970 

6.666 

40.774 

4S./39 

2.475 

94.619 

77.013 

-26.043 

6.6 74 

49,678 

45. '38 

3.152 

94.491 

74.506 

-20.353 

7.073 

60.449 

46 ./22 

3.849 

94. 342 

72.017 

-17.407 

7.248 

61 .264 

46.688 

4.566 

94.169 

69.545 

-15.198 

7.263 

61.276 

46, 702 

4.588 

94.163 

69.472 

-15.137 

7.263 

61 .276 

46. 70/ 

4.580 

93.463 

69.472 

-15.137 

7. 361 

6 1 . 796 

47,034 

5.128 

93. 334 

67.707 

-13.739 

7.361 

61 . 796 

47.034 

5.128 

92.096 

67.707 

-13.739 

7. 3V1 

61.962 

47.135 

5.298 

92.051 

67.186 

-13.348 

7.497 

61.369 

47.564 

6.04 3 

9i .86’ 

64.934 

-1 1 .826 

7.671 

6 3 . ^0? 

47.975 

6.796 

91 .. '0 

62.696 

-10.540 

7.618 

61.766 

48 . 368 

7.556 

91 . 505 

60.475 

-9.440 

7.64‘. 

64.29? 

48.74' 

8.319 

91 . 334 

58.264 

-8.409 

7.6*> 7 

‘4 . 786 

49.108 

9.084 

91.164 

56.066 

-7.658 

7 . f>60 

66.260 

49.456 

9.850 

90. 9V6 

53.877 

-6.926 

/ , 4 S 6 

6 6 . 6 b 8 

49,790 

10,616 

90.82 7 

51.697 

-6.277 

7.6*'3 

66.1 02 

50.11/ 

11.382 

90.659 

49.527 

-5 .697 

7.64H 

66.494 

50 . 42 1 

1 2. 14 7 

90.<»89 

47,368 

-5.176 

7 .644 

■- 6.H67 

50. 71 9 

12.91 1 

90.319 

45.217 

-4.706 

’.64] 

•7.2/3 

51 .00’’ 

1 3.6 76 

90. 149 

4 3,07 1 

-4.279 

7 ,i)4(: 

6 7 . 6 6 ^ 

51 . /84 

1 4 ,440 

89.9 79 

40.938 

-3.890 

7.64/ 

• 7 .888 

5 J . 5*^ 3 

1 *■ .204 

89.808 

38.006 

-3.534 

7.647 

6 8.200 

51.813 

15,968 

89,638 

36.605 

-3,207 

7 . 6 

6 8.6 00 

52.064 

16.733 

89.468 

34.571 

-2.906 

7,646 

68,789 

52. 3C8 

17.499 

89, 300 

32.46 3 

-2.628 

7. 6 rtf' 

6^.068 

6.?. 54 4 

1 8.267 

89,1 31 

30.36? 

-2.370 

7.6 98 

69.3^8 

‘■2. 7 74 

19.036 

88.968 

28,265 

-2.130 

7.718 

S 9 . 6 9 

52.99 ' 

19.806 

88.00? 

26.1 74 

-1,907 

7 . 74/ 

‘9.86 1 

53.214 

20.579 

88. 1 . 

24.091 

-1 .698 

7 . 7 6^^ 

6n .099 

5 3.42 5 

21 . 355 

88.48 

22.01 1 

-1.503 

7 . 7 'V'? 

60 . 338 

53.631 

22. 1 33 

88. I? ' 

19.935 

-1 .320 

7.83/ 

60.6 72 

53.83/ 

2 , .915 

88. 1 74 

1 7,064 

-1.148 

7.667 

60 , 799 

*'4,028 

23. 700 

80.02* 

15.798 

-0.986 

7 , 

6 1 . 0/ 1 

54.219 

24.488 

87,878 

13.737 

-0.834 

7.946 

M .2 <9 

• 4 , 406 

2 5.28 > 

87.717 

11.600 

-0.690 

7, 7H 7 

61.461 

54.568 

26,077 

87,598 

9,629 

-0.554 

H . 3 r', 

M ,469 

54 . 7 7 

26,878 

07,465 

7.578 

-0.425 

8 . 0 7 ^ 

6 1 .86 ' 

54 . 94 . 

27.683 

87. 3>5 

5.528 

-0.302 

H . J / / 

t. / . 0 6 3 

*'‘..11 3 

28.49 i 

87. 21 I 

3.488 

-0.186 

8 . 1 ^ 

7 / . / 6 

5 5.28 1 

29. 308 

87,091 

1 .445 

-0.075 

K./0/__ 

f 2 . 3v(,^ 

54 , 19 8_ 

j’ 9. 80*7 

0 

0.0^0 

0,000 

8. /O/ 

; . 3 96* 

S** , 39 8~ 

29.089 




8.216 

6 / , 4 6 2 

55,446 

30.1?' 




8 .264 

62 • o •' 1 

5 . 60 ■' 

30.951 




8.312 

7j7 .82 8 

55.765 

M . 700 




8. 360 

6 3.011 

55.921 

,614 




8.407 

63.19] 

56.074 

>1.452 




8,463 

63 , 369 

56.224 

34.295 




8.498 

63.643 

56 . 371 

35. 142 




8.642 

63.716 

56.51" 

15.994 




a .684 

63.886 

56. 65"* 

16.851 




fl.62<. 

64 .062 

‘.6.800 

17.711 




8.66 1 

64.217 

56.9\8 

10 .5 76 




8.699 

64 .379 

5 7.07' 

39.444 




8.734 

64 .S 39 

5 7,20 7 

40. 31 5 




8 . 766 

64-697 

5 7 . 3^ 1 

41.190 




R . 79', 

64. as? 

57 , 47 . 

H 2.068 




8.822 

6S.006 

5 7.50 0 

•.2.94 9 




8.846 

6*- . 1 6^ 

5 7.7/’ 

-3.833 




8 . 868 

6S . 30‘ 

5 7.0* / 

44.718 
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CERIUM ICe) 


(IDEAL. MONATOMIC CAS) 


gfw - 1 40. 1 3 


kcal gfw'^ ^^H£293, IS ~ kcal glw 

Ground State Configuration = ®298. 15 ^ K'*gfw -1 

“298. I5'“o " *• *^'*'‘* 

Electronic Levela and Multiplicities 

Electronic levels for Ce were assumed to be same as those for Lia as 
given by Moore. ^ 

Heat of Formation 

Based on several values. Value by Spedding and Daane^ adopted. 

Heat Capacity and Entropy 

Calculated on monatomic -gas computer progrrim. 
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CCfttUM* MSMATSMIC <C«) 


I IDEAL GAS I 


GEw ■ U0.13 


SUWWAWr UNCCRTAiNTy ES TIMA TES 




cal' 




_ K (. *1 



o 





. . ^ 


T,*** 

s 




■ ”79* 


« <^9 Kj. 


298 al 5 


0.200 

« 0.500 

* 0.500 

* 0.000 

* 2.500 

* 2.890 

* 2.120 

100 ) 


0.150 

* 0.590 

* 0.540 

* 0.050 

* 2.570 

* 3.850 

* 0.840 

100 ) 


0.150 

* 0.590 

* 0.540 

* 0.050 

* 2.580 

* 3.850 

* 0.840 

1077 


0.150 

* 0.600 

* 0.540 

* 0.060 

* 2.590 

* 3.950 

* 0.800 

1077 


0.150 

* 0.600 

* 0.540 

* 0.060 

* 2.600 

* 3.950 

* 0.800 

2000 


0.100 

* 0.670 

* 0.590 

* 0.170 

* 2.760 

* 5.360 

* 0.590 

)000 


0.100 

* 0.710 

* 0.620 

* 0.270 

* 3.430 

* 7.060 

i 0.510 

4000 


0.200 

* 0.760 

* 0.650 

* 0.420 

* 5.5 30 

* 9.220 

* 0 . 500 

4270.73 


0.300 

* 0.770 

* 0.660 

* 0.490 

* 6.450 

* 9.930 

* 0.510 

A 270. 73 


0.300 

* 0.770 

* 0.660 

* 0.490 




5000 

:* 

0.400 

* 0.830 

* 0.680 

* 0. 750 




4000 

* 

0.500 

* 0.910 

* 0.710 

* 1.200 
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T ABLE i i/ 


CERIUM OXIDE 


ideal. MOLECULAR GAS 


CeO 


Reference State 
Liquid C« from 1077* 


for Calculating AUf , AFf, and Log K Solid Cc from 0" to 1077*K, 
to 4^7 1* K, CaseouB Cc from 4271* to fcOOO'K, Gascou* O^, Ceeeoue CeO. 



_ 

_ 

_ . 

_ __ 








Jif 






t.^k 


S 

(h'j 




Log Kp 

0 

29e.lS 

300 

400 

c.ooo 

0.000 

Intini te 

-2.114 

-30.044 

-30.044 

INFINITE 

7.521 

57.219 

57.219 

0.000 

-31 .100 

-35.595 

26.090 

7.529 

57.266 

57,200 

0.014 

-31 - 105 

-35.617 

25.946 

7.915 

59.487 

57.520 

0.787 

-31 . 347 

-37.092 

20.265 

300 

8.196 

61 .285 

58.099 

1.593 

-31.598 

-39.501 

16.878 

600 

8.391 

62.7V8 

58.759 

2.423 

-31.874 

-39.055 

14.516 

700 

0.528 

64.^03 

59.432 

3.270 

-32.100 

-41.162 

12.851 

600 

8.676 

65.246 

60.008 

4.128 

-32.526 

-42.421 

1 1.586 

900 

0.699 

66.269 

60.719 

4.994 

-32.913 

-43.636 

10.596 

1 000 

0.755 

67.188 

61 . 321 

5.867 

-33. 344 

-44.905 

9.792 

1003 

8.756 

67.213 

61 .338 

5.893 

-33.358 

-44.938 

9.769 

1 003 

8. 756 

67.213 

61.338 

5.893 

-34.050 

-44.838 

9.769 

10 77 

8.789 

67.837 

61 .763 

6-543 

-34. 307 

-45.621 

9.257 

1077 

8.789 

67.837 

61 .763 

6.543 

-35.625 

-45.621 

9.257 

1 100 

0.799 

60.025 

61 .893 

6.745 

-35. 735 

-45.034 

9. IO 6 

1200 

0.834 

68 . 792 

62.436 

7.626 

-36.2’ 3 

-46.731 

8.510 

1 300 

8 • 064 

69.500 

62.953 

8.51 1 

-36. 91 

-47.590 

8.000 

1 400 

8.889 

70.156 

63.444 

9.399 

-37.1 ;o 

-48.410 

7.557 

1500 

8.911 

70.772 

63.913 

10.289 

- 37.649 

-49.197 

7.168 

1600 

8.933 

71 . 348 

64. 360 

11.181 

-30.1 30 

-49.950 

6.823 

1 700 

0.954 

71 .890 

64.707 

12.076 

-38.61 1 

-50.674 

6.514 

1 800 

tt . 9 75 

72.402 

65.196 

12.97? 

-39.094 

-51.371 

6.237 

1 900 

0.999 

72.888 

65.508 

13.871 

-39.576 

-52.039 

5.986 

2000 

9.025 

73.351 

65.965 

14.772 

-40.060 

-52.602 

5.757 

2100 

9.054 

73 . 792 

66.327 

15.676 

-40.543 

-53.300 

5.547 

2200 

9.007 

74.214 

66.676 

16.583 

-41 .027 

-53.897 

5.354 

2300 

9.125 

74.618 

67.01 3 

1 7.493 

-41 . 509 

-54.471 

5.176 

2400 

9,167 

75,000 

67,338 

1 ®.408 

-41.990 

-55.027 

5.011 

2 500 

9.2 15 

75.383 

67.652 

19. 327 

-42.469 

-55.559 

4.857 

2600 

9.260 

75 . 745 

67.957 

20.251 

-42.946 

-56.074 

4.713 

2700 

9.3^5 

76.096 

68.252 

21 .181 

-43.419 

-56.570 

4.579 

2 6 00 

9.30 7 

76.417 

68.530 

22. 116 

-43.889 

-57.048 

4.453 

2900 

9,454 

76. ?67 

66.016 

23.058 

-44. 356 

-57.509 

4.334 

.3000 

9.525 

77.009 

69.007 

24.007 

-44.91 7 

-57.958 

4.222 

3100 

9.600 

77.403 

69. 350 

24.963 

-45. -’4 

-58.385 

4.116 

3200 

9.670 

77.709 

69.607 

^5.927 

- 45 . 7 ; ‘ 

-58.804 

4.016 

3 300 

9.759 

70.000 

69.857 

26.999 

-46.1 7 

-59.206 

3.921 

3400 

9.04? 

70 . 3C1 

70.101 

’7.879 

-46.610 

-59.594 

3.830 

3 500 

9.926 

78.508 

7v0. 340 

28.868 

-47.043 

-59.970 

3.745 

3600 

10.012 

78. ’^9 

70.573 

29.864 

-47.471 

-60.334 

3.663 

3 700 

10.098 

79 , 1 4«* 

70 . 00 1 

30.870 

-47,889 

-60.685 

3.584 

3800 

10.184 

79.415 

71 ,024 

31 .084 

-48. 303 

-61.023 

3.509 

3900 

10.2 70 

79.681 

71.243 

32-907 

>49. 700 

-61 . 354 

3.438 

4000 

10.355 

79,94? 

71.450 

33.930 

-49.100 

-61.678 

3.J70 

4l0C 

10,439 

00 . 1 99 

71 .660 

34 .9 70 

-49.500 

-61.985 

3.304 

4?00 

10.521 

80.45? 

71 .074 

36-026 

- 49 . 86 - 

-62.205 

3.241 

4270. 73 

10.570 

8n..i?9 

72,01 8 

36. 775 

-50. 157 

-62.494 

3.198 

4270. 73 

10.570 

80.629 

7 ? . '' 1 0 

36.775 

-1 37.166 

-62.494 

3.196 

4300 

10.601 

80.701 

72,0 7 7 

37.082 

-137.243 

-61.987 

3.150 

4400 

10.67U 

60,945 

72 , 2 7f, 

30.146 

: 7. 507 

-60.232 

2.992 

4900 

10.754, 

81 . 187 

72.47? 

39.217 

-1 37. 770 

-58.474 

2.840 

4600 

10.827 

8 1 -424 

72.664 

-0-296 

-1 30.033 

- >0.708 

2.694 

4 700 

10.696 

81 .650 

72.853 

,1 . 302 

-1 30.296 

-54.943 

2.555 

4600 

10.963 

81 .886 

73.039 

42.4 75 

-1 38.559 

-53.158 

2.420 

4900 

1 1 .026 

82 . n •• 

73.223 

43,575 

-138,023 

-51.304 

2.292 

5000 

1 1 .087 

82. ' '9 

73,1.0 3 

44.600 

-1 39,090 

-49.600 

2.168 

5100 

11.144 

82.560 

73,501 

4,5, 792 

-1 39.^60 

-47.808 

2.049 

5200 

5 900 

11.197 

82. 777 

73.756 

46.909 

-139.633 

-46.008 

1.934 

1 1.247 

02.991 

73,929 

48.031 

-1 39.913 

-44.210 

1.823 

5400 

11.295 

03. 202 

74.099 

49.150 

-140.199 

-42.402 

1.716 

5500 

1 1 .338 

83.410 

74.26 / 

50.209 

-140.490 

-40.590 

1.613 

5600 

1 1 . 3 7 u 

83,616 

74,412 

51 .425 

-140.792 

-38.769 

1*513 

5700 

5800 

11.41 7 

83.010 

74.596 

52.565 

-141 . 107 

-36.948 

1 .417 

11.451 

84.01 7 

74.75 7 

53,709 

-141 .437 

-35.1 16 

1.323 

5900 

11.403 

04.214 

74,916 

54, .954 

-141.795 

-33.283 

1.233 

6000 

11.512 

04.407 

75.07 » 

56.004 

-142.153 

-31.436 

1.145 
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CERIUM MONOXIDE (CeO) 


(IDEAL MOLECUL.AR GAS) fifw 1 56. 1 3 


- - 30 044 kcal gfw 

Ground State Degeneracy = 2 

-H ~ 2 . I14kcalg£w 
2^8. 15 0 


Ah 


o 
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15 
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^ - 31.1 kcal gfw 
219 cal deg K" * gfw 
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Heat of Formation 

Based on data of Walsh, Dever, and White. ^ See volume 1, this study 
(section IVB5. 4) for details. 

Heat Capacity and Entropy 

Calculated using above spet troscojiir constants, which are from 
Herzberg^ or have been estimated. 
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CHRC)MIUM 


HI- h Kfif.NCt: SI A'l K 


Cr 


R.f.r.n.<.S«a.. for x,. • . ,.„h K^, So. M C. r f ro.n 0* .o 

f.r fro.n /I4H to 2WK, f / from /.9fc7 to SOOO'K. 




■'r 




r “ 






0 

? 9 a . 1 •) 

^00 

31 1 ,bb 


0.000 
7 7 

S.*) 79 
•i . 9 7 


0.000 

.6P0 

^ . 93*4 


INF IN I Tr 
^. f , fl 0 
1 


-0.970 

0*000 

0.010 


31 1 .&•> 

5.59 7 

.918 

5.687 

0.078 

<.00 

5. ROO 

7.400 

5.913 

0.595 

*>00 

6.090 

B . 794 

6.354 

1 .220 

600 

6.415 

9.978 

6.861 

1 .870 

700 

6. 75«i 

1 0 ,995 

7. 180 

2.530 

flOO 

7.103 

1 1 .902 

7.890 

3.210 

900 

7.455 

1 2. 726 

P . 382 

3.910 

I OOO 

7.810 

1 3 .49«> 

8.855 

4.640 

1 100 

fl. 1 6 7 

1 4 .229 

9.310 

5.410 

1 ?00 

0.525 

14 .942 

9. 750 

6.230 

1 300 

6.684 

15.636 

10.1/7 

7.100 

1 <.00 

9.243 

16.312 

10.591 

6.010 

1 500 

9.60 3 

16.961 

10.994 

0.950 

1 6or 

9.964 

1 7.‘«R7 

1 1 . 307 

9.920 

1 6<.P 

10.137 

1 7.fl62 

11.571 

10.400 

1 7,<4fi 

10.137 

1 6 . 368 

11.571 

11.200 

1 700 

10.324 

I R . 684 

1 1 .784 

1 1.730 

1 flOO 

. r . 6«5 

1 ^.284 

12.164 

12.780 

1 900 

1 1 .046 

1 9 . 8 7 «? 

12.573 

1 3.880 

;oco 

1 1 .406 

20,46 3 

12.953 

15.020 

?0flP 

11.726 

20,9 75 

13.261 

16.065 

?0flfi 

11.726 

21.142 

13.281 

16.415 

? 10 n 

1 1 . 769 

2 1.712 

1 3. 32 7 

16.560 

; 1 <. fl 

1 1 . '44? 

2 1 . 4 6 

13,517 

17.117 

.■>!<.« 

9. <- 00 

23 . 766 

13,517 

2.057 

P P 0 0 

9.400 

24. .. 1 

13.763 

22.545 

p %nr, 

9,400 

24 . 4~9 

14.218 

23.405 

p*,pr 

4 00 

24 . 679 

14,652 

24.425 

?^or 

9.400 

2 5,213 

15.067 

25. 365 

/60r, 

9.40^ 

25.561 

1 5,464 

26.305 

2700 

9.400 

25.936 

15.845 

27,245 

20r( 

5. 400 

26.276 

16.212 

28.185 

?900 

9.400 

26.606 

16.565 

^9,125 

2 96 7 

9.400 

26 .622 

16. 794 

29.755 

2 9b 7 

?. >1 7 

53.661 

1 6 , 794 

T59. 9 74 

3000 

7.359 

53.943 

1 7,204 

: : 0 . ? 1 6 

n 00 

7.461 

54.166 

18.393 

1 10.958 

3?nr 

7.599 

54.425 

10.515 

111.712 

3300 

7.713 

74,661 

20.5 7 7 

112.478 

31.00 

7.625 

*•4,693 

2 1.56 3 

113.255 

3500 

7.935 

•^5.121 

2 2 . 5 3 7 

114,043 

3600 

6.045 

55.346 

2 3,445 

1 14.842 

i7or 

P.157 

*^5.566 

24.311 

115.652 

3ft0C- 

6,2 70 

55.767 

25,136 

1 16-473 

3900 

6 . 386 

56.004 

2* .926 

1 1 7. 306 

<.00r 

6.506 

56.217 

26.679 

110.151 

4.100 

6 .6 I 

••6.429 

27, 402 

119.008 

4.200 

6.761 

56.636 

28.096 

1 19,077 

4.300 

6 .096 

56 « 646 

28 , 762 

120.760 

4.4.00 

9,036 

57.05? 

79.403 

21 .657 

4.500 

9.1 03 

57.257 

30.020 

1 22.567 

4.600 

9,335 

57.460 

30.bl4 

123.493 

4700 

9.49? 

57,663 

31.187 

124.435 

4600 

9,654 

57.064 

31.741 

125. A92 

4900 

9. 821 

50,065 

32.276 

126.366 

5000 

9.99? 

^0.265 

32.794 

127.356 

5100 

10*167 

58.465 

33,296 

1 28.364 

5200 

10*344 

58.664 

33,701 

129.390 

5300 

10.524 

58.063 

34.25 3 

130.433 

5400 

10.705 

59,061 

34.710 

1 31 .495 

5500 

10.067 

59,259 

35.155 

1 32*574 

5600 

1 1 .069 

59.<it>7 

35.58 7 

1 33.672 

5700 

1 1.250 

59. 5 

36.000 

1 34.786 

5fiCC 

1 1.429 

59.852 

36.41 7 

1 35.922 

5900 

1 1 .605 

60.049 

36.616 

1 37.074 

6000 

11.779 

60.245 

37.204 

1 38.24 3 
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CHROMIUM (Cr) 


gfw r 52. 01 


(REFERENCE STATE) 

0«K to 2148®K Crystal 

21480K to 2967^ K Liquid 
2967^^K to 6000^'K Ideal Monatomic Gaa 


15 = 94.820 kcalgfw'* 
Tt = 311. 65®K 
T^ 1648^K 
Tt ^ 2088^K 
T,„ = 214»‘'k 


^«?298. IS = “ 


®298. 15 " 5. 68 cal degK-‘ gfw'* 


-1 


AHt > 0. 0014 kcal gfw 
AHj = 0. 800 kcal gfw"* 


-1 


AHj = 0, 350 kcal gfw 

- 4. 92 kcal gfw’* 


Tjj ^ 2967‘^K AH^ ^ 80. 220 kcal gfw’* 

” 298 . 15 ’”0 ^ 8 ^'^'* 

Structure 

The stable form at 298. 15®K is b. c. c. , an antiferromagnetic transition 
occurs At 31 1. bS'^K. A second occurs at 1648*^K. At 2088^K, the b. c. c. 
transforms into f. c. c. structure. 


Heat of Formation 

Zero by definition. 

Heat Capacity and Entropy 

Low-tempe rature data Irom earlier works of Hultgren and identical with 
their final tabulation. I High- temperature data primarily from Kelley. ^ Data 
for liquid esUmated. 

Melting 

An average of five determinations used. 

Vaporizaaon 

An average of five determinations used. 

Further details by Barriault 
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CMR0HIUM (Cr) 


(RCfeRCNCE STATE) 


GFW ■ 52.01 


suismarv fF uwcertairty estimates 


^ |fw._ KcrnWglw 

S ^ " ”798 '' ^ ‘ of *p 


298.15 

A 0.200 

AO. 070 

A 0*070 

A 0*000 

311«65 

A 0*200 

aO.080 

± 0.070 

A 0*003 

31 1 .65 

aO.200 

AO. 080 

A 0.070 

A 0 • 00 3 

1000 

A 0*700 

A0.600 

A 0.290 

A 0*310 

1648 

A 1*200 

A 1.070 

A 0.510 

A 0.930 

1648 

A 1.200 

A 1.190 

A 0.510 

A 1.130 

2000 

A 1 .200 

A 1.420 

A 0*640 

A 1.550 

2088 

A 1.200 

aI.470 

A 0*680 

A 1 .660 

2088 

A 1*200 

A 1.520 

A 0*680 

A 2 . 760 

2184 

A 1*200 

A1.550 

A 0*700 

A 1 .830 

2184 

A 1.000 

A2.020 

A 0.700 

A 2.830 

296 7 

A l.OOO 

A2.340 

A 1.450 

A 2.650 

2967 

AO.OOO 

a0*005 



3000 

a0«001 




4000 

AO.OOl 

A0.003 



5000 

a0*002 

a0«003 



6000 

aO.002 

A 0.005 
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TABLE 134 


CHROMIUM 


IDEAL MONATOMIC GAS 


Reference Stale for CalculaliriK \H^ . AFf. and Log K Solid Cr from 0* to 2148*K, 
Liquid Cr from 2148* to 2967-K. Ga.eou. Cr from 2967* to 6000*K. 


Cr 






— 




T."K 



■; - lO,.)/!' 

r:~ o" 

- ”290 

ah)' 

af)^ 

Lo, Kp 

0 

0.000 

0.000 

INF INITp 

-1 .401 

94. 309 

94.309 

INFINITE 

298.1 5 

4.968 

41 .637 

41.637 

0.000 

94.020 

84.099 

-61 .644 

300 

4.968 

41 .668 

41,637 

0.009 

94.019 

84.033 

-61 .215 

3li.66___ 

.4.960 

41.087 

41 .642 

0.067 

94.810 

63.615 

-58.633 

311.66 

4.968 

41.88/ 

4 1 .642 

0.067 

94.609 

63.615' 

' -50.633 

400 

4.968 

43.097 

41 .032 

0.806 

94.731 

80.452 

-43.955 

300 

4.968 

44 . 206 

42.200 

1.003 

94.603 

76.897 

-33.610 

600 

4,968 

48.111 

42.612 

1 .500 

94.450 

73.369 

-26.723 

700 

4.968 

48.077 

43.C28 

1 .996 

94.286 

69.668 

-2l .813 

800 

4 . 969 

46.841 

43.424 

2.493 

94.103 

66.393 

-18.137 

900 

4.972 

47.126 

43.003 

2.990 

93.900 

62.942 

-15.284 

1000 

4.980 

4 7.680 

44.162 

3.400 

93.660 

59.513 

-13.006 

1100 

4 . 996 

48.126 

44.801 

3.907 

93.397 

56.109 

-1 1 .147 

1200 

8.023 

48.861 

44.022 

4.407 

93.077 

52.734 

-9.604 

1 300 

8.0 68 

40 • 8 

48.128 

4.99? 

92. 712 

49.307 

-6*302 

1400 

8.128 

49.342 

48.413 

5.501 

92. 31 1 

46.070 

-7.191 

1800 

8.20.3 

49.690 

48.687 

6.01 7 

91 ,007 

42.700 

-6.233 

1600 

8 . 300 

80.037 

48.940 

6.542 

9 1 . 4 H 2 

39.523 

-5.398 

1 64B 

8.36 3 

80.198 

46.070 

6.790 

91.210 

37.965 

-5.034 

1648 

'8.363 

80 . 198" 

"46. 070** 

6.790" ' 

■‘ 90.41 0 ■ 

'37.965 ' 

"■ -5.034 

1 700 

8.414 

80. 362 

46.199 

7.078 

90.168 

36.314 

-4.668 

1 800 

6 . 84 8 

8^,678 

46.439 

7.626 

89.666 

33.161 

-4*026 

1 90C 

8.680 

80.979 

46.670 

8.167 

09, 1 27 

30.035 

-3.455 

2000 

8.041 

81.274 

46.092 

8.763 

00.863 

26.222 

-2.865 

2088 

6,982 

81 ,829 

47,002 

9.204 

30.039 

24.244 

-2.537 

2088 ■ ' ■ 

6 ,982 

■81,629* 

47,002 "" 

■■“9.204 ‘ 

'87.60^" 

24. 244 * 

-2.537 

210C 

6.001 

81 .863 

47.100 

*>.356 

07.616 

23.079 

-2.485 

2148 

6.'*'B0 

*>1 . 700 

47,209 

9.646 

87. 349 

22.449 

-2.284 

2148 ' 

’■ 6 .080 ■ ■ 

■ 81 . 70C" 

■■ * 4 7.2C9 ■ 

■ ' " .646 " 

'"■02.409 ■ 

*""22.449 ‘ 

■ -2.284 

2 200 

6.166 

8 1 . 046 

47.317 

9.964 

H2.239 

21.001 

-2.066 

2300 

6,33-^ 

'2.124 

47. '20 

10.509 

81 .924 

18.225 

-1 .732 

2409 

6.4 93 

'2.397 

47.717 

1 1 .230 

0 1 .625 

15.463 

-1.408 

2 8 00 

6,6^2 

82.66* 

47.910 

1 1 .007 

01 • 342 

12.713 

-1.111 

2600 

6 . 8 06 

82 .929 

40.090 

12.560 

81.075 

9*971 

-0.836 

2 700 

6.984 

83,106 

40,202 

1 3.248 

00.823 

7.241 

-0.586 

2800 

7,098 

* 3 • 444 

40,462 

13.981 

80.504 

4,519 

*►0.353 

2900 

7.2 30 

8 3.698 

40.630 

14.667 

00 ' 

1.810 

-0.136 

2967 

2967 

3000 

3100 

32CC 

3300 

340C 

3809 

3600 

3700 

3800 

3900 

4000 

7.3J 7 

'"7,317- ' 

7.389 

7.481 

7,899 

7.713 

7.8?8 

7.936 

0.048 

8.187 

8.2 70 

0 . 306 

0 • •'06 

* 3.0^1 
■83,061- 
83.943 

84.106 

84.428 

84.661 

■4.093 

88.121 

88 . 346 
*8.860 
■8.707 
86.004 
86.217 

40 , 78<, 

" ■ 40 ♦ 781, 
40.010 

40.900 
49.1 46 
49,310 
49.471 
49,629 

49,708 
<.9,938 
80.009 
80.230 
80, 308 

15.154 
■*15*154 
. 5.396 

16.130 

16«092 

17,650 

18.435 

19.223 

20.022 

20.83? 

21.653 

22#4rt6 

23.331 

00.2 / 

O.OOO 

o.oOo 


4100 

0 .4 M 

* f. 

420C 

0.741 

* 6 

4300 

0.094 

■4 

440C 

9.0 34 

* 7 

4500 

9.103 

* 7 


4 29 

*>0.529 

24.100 

4 30 

■0.672 

25.057 

046 

■0.014 

25.940 

052 

■0.951 

26.037 

2^7 

51.091 

£7,74-^ 


4600 

<.70C 

itfiOO 

<.900 

■.000 


9,13* 
9. <.92 
9,6*) <. 
9.8/1 
9.992 


* 7. <.60 
*.7.663 
7 ,06<. 
*■8.06*^ 
*^8 . 76*’ 


'>1.22 7 
■ 1 . 362 
' 1 •<.9''. 

^1.627 
• 1 •7«.B 


28.673 
29.61 ^ 
30.S 72 

31 .^*<.6 

32 . ‘=> 36 


or 

^200 

MOO 

S4or 

'.800 


10.167 
10. 3<.<, 
1 0.6 2 <. 
1C. 70*. 
10.887 


*• 8 . <, 6 
88.66*. 
*8,863 
89,061 
8 J.?^9 


■1 .888 
8 2.016 
‘ 2 . 1 <. 3 
^7. 2 70 
8 2 . 39 *. 


3 3 , 8.,<, 

3<. .870 
36.61 3 
36.6 7*. 
37 . 78<. 


1 5600 

1 1 

.049 

‘ 5700 

1 1 

.2* 0 

1 5 800 

1 1 

.4 29 

1 5 900 

1 1 

.60*, 

4000 

1 1 

. 779 


8 9, 6 8 7 6 2. *'19 3fl.8S2 

8.,66*' *2.6<. 3 39,960 

'-'^,882 *'2,766 *.l.l02 

60. Oil 9 8 2.08 7 <.2.?‘‘6 

6C,2<.8 63,908 43. <.23 

__ , 
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CHROMIUM (Cr) 


(IDEAL. MONATOMIC GAS) 


gfw = 52. 01 


= 94. 309 kcal gfw"^ ^*^£298 15 ~ •'cal gfw 

Ground State Configuration = 3 ^298. 15 ” gfw 

»298. 15 -Ho = 1- 481 kcal gfw’^ 

Electronic Levels and Multiplicities 
Energy levels from Moore. ^ 


Heat of Formation 

Vapor -pressure measurements from five sources used. 
Heat Capacity and Entropy 

Calculated using monatomic -gas program. 

Further details by Barriault et al. ^ 

References 


1. Moore, C. 

Atomic Energy Levels, Vol. 

, 2, Nat. 

Bur. Stds. 

(j 9“; 

2. Barriault, R. et al. 

ASD TR 61 

-260 (May 19b2), 

Pt. I. 


CHRSHIUH* 

M0NAT0M 1 C 

(Cr) 

1 lOEAL 

C.A6 1 


C.^ M - 

3?. 01 



SU*«IHAPV 

0P UNTEPTAINTY tSllMATf" 






^.1 K 


K . I ^ 1 '• 



T '*k 



-( 1 1 - M I I 


3 H, 

' 1 * 

1 

296.16 

* 0.000 

*0.002 

*0.002 

* 0.000 

*0. 600 

* 0.620 * 0.300 

311.66 

* 0.000 

♦0.002 

*0.002 

* 0.000 

*0.600 

* 0.620 * 

0-360 

311.66 

i 0.000 

*0.007 

40.002 

♦ 0.000 

*0.600 

♦0.620 1 

0 . 360 

1000 

± 0.000 

* 0 . 002 

*0.002 

♦ 0.000 

*0.010 

♦ 0.7 VO > 

0.170 

1646 

4 0.000 

*0.002 

♦0,002 

♦ 0.000 

« 1 .4 30 

♦ 1 • 3%0 * 

0.160 

164.6 

^ 0.000 

♦0.002 

*0.002 

i 0.000 

*1 . 630 

1 1 . 340 t 

0.160 

2000 

± C.OOl 

4 0,C02 

♦ 0.00 1 

♦ 0,000 

♦2.060 

» 1 . 7V0 t 

0.200 

2006 

t O.OOl 

♦ 0,002 

♦0.003 

* 0.000 

♦2.160 

i 1 .9 30 1 

0.200 

2060 

± O.OCl 

*0.007 

♦ 0. 30 3 

♦ 0.000 

*2.260 

*1.930 * 

0.200 

2146 

* 0.001 

* 0.002 

* 0,003 

♦ 0,001 

*2.330 

*2.010 t 

0.200 

2146 

* O.OOl 

* 0.002 

*0.003 

t O.OOl 

* 3. 3 30 

* 2.0 10 * 

0.200 

2967 

* 0.001 

*0.003 

♦ 0.00 3 

* 0.001 

*3,160 

* 4.0 10 * 

0.360 

2967 

^ 0.001 

*0.003 

* 0.003 

i 0.001 




3000 

± O.OOl 

♦0.003 

» 0,0x3 ^ 

» 0,001 




4000 

* 0.001 

* 0.00 3 

* 0.00 3 

♦ 0.00 2 




6000 

A 0.002 

♦0.C03 

*0,00^ 

* 0.00 3 




6000 

* 0.002 

♦0.003 

♦0.003 

♦ 0*006 
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TABLE liS 


CHROMIUM MONOXIDE 


IDEAL MOLECULAR GAS 


Re(«?rrnce Sl-le for C.i IcuUUng \ . AF^. and Log K 

C*" 21H8* to 2967* K, Gaseous Cr from 2967* fo 


Liquid 


0 

290.15 

300 

311.66 

311.65 

600 

500 

600 

700 

800 

900 

1000 

I 100 
1200 
1 300 
1600 
1500 

1600 
166 0 
1668 
1 7C0 
1 fiOO 

1 9C0 

?oor 

?O80 

2080 

?ICC 

?l6fl 

?16P 

7?0r 

2 300 
?600 
?50r 

a'»60''- 

?7C0 
2800 
2 900 
2966.82 

2 966.0;' 
^000 

3100 
3 ? 00 

3 3 00 
1600 
35C0 

3600 

3700 

3800 

3900 

6000 

6 100 
6200 

6300 

6600 

6500 

6600 
6700 
6800 
6900 
5 000 

5100 

5200 

MOO 

560C 

5500 

5600 
5 700 
5800 
5900 
6000 


CrO 

Solid Cr from 0* to 2140*K, 

6000"K, Gaseous 03 . Gaseous CrO. 


■ ■ 

t *1 



'p 

‘^7 

0.000 

0.000 

6.288 

56.609 

0.289 

56.760 

0.296 

57.057 

0.296 

57.057 

6.397 

59.138 

8.526 

61 .025 

0.635 

62.590 

8.720 

63.928 

0.786 

65.096 

0.838 

66.134 

6.800 

67.068 

0.915 

67.916 

0.965 

60.693 

0.97] 

69.610 

0.996 

70.076 

9,016 

70.697 

9.0 36 

71.279 

9,065 

7] .56 7 

9.065 

71 .567 

9 . 5 6 

71 . ■•^8 

>.072 

72 . 346 

9 . 0 H 9 

72.037 

9.106 

73 . 306 

9.121 

73.696 

9,121 

73.696 

9. 1 >3 

73 , 769 

9.11? 

71,955 

9.1*2 

73.955 

9.161 

76 . 1 74 

9.159 

76,561 

9.170 

76.971 

•V . 1 9 7 

75 . 366 

9 . 2 1 e 

75 . 70fl 

9.260 

76. 0*^6 

9 . 6 3 

7 6.361 

9.200 

7 6.719 

9, lOfc 

76.93? 

9. ''06 

76.93? 

9.315 

77.015 

9.363 

77,361 

9.371 

77.6*9 

9.606 

7 7 , 92P 

7.6 38 

70.210 

9.671 

76.60* 


9 . 5 i 0 
9 . 56P 

9 . 6 fl 
9. MO 
9,6 76 

. 7 1 9 
9. 765 
9.01? 
9,861 
9,911 

9.96 2 
10.016 
10.067 
10. 1 20 
10.1 75 

10.230 

10.286 

10.363 

10.600 

10.657 

10.515 
1 0. 5 76 
10.633 
10.692 
10.751 


78.753 
79.01* 
79.271 
79.52 , 

’ .. 766 

Po.00 7 
80.263 
80.676 
PO. 702 
80. 5 


<F r 

INF INI Tf 
56.689 
56.609 
56.697 
56.697 
57.015 
57.635 

58.336 
59.060 
59,725 
60, 301 
61 .006 

61 .596 
62.156 
62.605 
63.109 
63.669 

66.127 

66 . 339 

66 . 339 
66 , 566 
66.90? 
65.303 
55,760 

66.096 

66.096 
66,137 

66. 31 0 
66. 31 0 

66.693 

66,036 

67,167 

67,1,07 

67. 797 

68.097 
68 . 307 
60,669 
60.956 
60,856 
65.963 

69,210 

6 9,46 9 

6 9.7-’: 
59.9^8 
70.200 

70,66? 
70.671 
70 .096 
71.11 1 
7 I . 32 0 

71.537 
71.763 
7 1 , 966 
72.167 
72 . 33t 


> G 


-2.A60 
0.000 
0.015 
0.112 
0.112 
0.869 
1 .695 

2.556 

3.621 

6.297 

5.170 

6.064 

6.954 
7.867 
8.76 3 
9.661 
10.561 

1 1 . 66 *. 
11.870 
11.878 
12.369 
1 3.255 
16.163 
15.073 

15.875 
1 5 . 0 f 5 
,5.986 
16.622 
U 622 
16.097 
17.812 
10, 729 
1 9 , S6fl 


- K( ml/glw. — 

ahJ' 

49.567 

50.000 

69,998 

69.987 

69.986 

69.893 

69.748 

49.579 
69.397 
69. 194 
68.968 
68. 711 


ar, 

69,567 
62.098 
62.049 
61 .766 
41 . 764 
39,416 
36.813 


Kp 

INFINITE 
-30.857 
-30.631 
-29.272 
-29.272 
-21 .535 
-16.090 


34.241 -12.472 
31.699 -9.896 
29.105 -7.973 
26.697 -6.483 
26.234 -5.296 


68.411 21.601 
60.060 19.397 
67.658 17,026 
6 7.216 16.686 
66.730 12.378 


66.233 

65.975 

65.175 

66.886 

66.290 

63.659 

62.979 

62. 3 37 
61.907 
6 I . 097 
61 .559 
36.619 
36.370 
3*^. 086 
35.6C2 
36.910 


10.104 

9.021 

9.021 
7.886 
5 .728 
3.601 
1 .508 

-0.303 
-0,303 
-0.560 
-1.689 
- I .489 
-2.40? 
-4,156 
-5.882 
-7.595 


-4.331 
-3.532 
-2 .862 
-2.292 
-1.063 

-1 .380 
-1 .196 
-1 .196 
-I .014 
-0.695 
-0.414 
-0.165 

0.032 

0.032 

0.056 

0.151 

0.15* 

0.239 

0.395 

0.536 

0.664 


^ 3 . 755 

36.725 
X5 . 7C0 

16.^79 

^ . 66 3 
.1.652 


. 1 15 

72.526 

39. 

66 7 

, 1bl 

72.711 

60 . 

66 6 

.574 

72.097 

61 . 

651 

. 7Hi 

73.077 

62 

662 

.99 1 

7 *.255 

6 3, 

b78 

.195 

73.63C 

46 

b99 

. 396 

7 * .60 2 

65 

7, '7 

.5 99 

73.772 

66 

76C 

.791 

71,939 

67 

. flOO 

,984 

76 .104 

60 

.065 

1.176 

76.266 

69 

. 097 

» . 365 
1,553 

1 , 7 3 (* 

76.626 

76.506 

76.7m0 

5 0 

5? 

5 3 

.056 

.018 

.Ofl‘5 

*.921 

76,096 

56 

.165 


-50.996 

- j 1 • ^ 

-51 . ?7i 
-5? . 1 79 
-52.595 

-53.02? 

-51.661 

-51.915 

— 56. 100 

— 5 «4 . 8 6 0 

-55. 156 

-55,066 
-56, 196 
-5^,96l 
-5 506 

-50.093 

-58.702 

- 50 . 1*8 

- 50.999 
-(>0.691 

- 6 I . *. I 8 


- 3.666 

- 2.668 
-’.256 
- ,052 

i .162 
2.301 

3.616 

6.v0'^5 

b. 101 

7.360 

8.630 

9,909 
11.196 
1 2.492 
1 3.797 
15. 109 

16.66? 

17.770 

19.128 

20.485 

21.052 


20.569 

36.63? 

-9.290 

0.781 i 

21 .492 

33.967 

-10.962 

0.S87 

22.417 

33.46A 

-12.617 

0.985 ' 

. 364 

32. • 

-16.251 

1.074 

2 3.96 ^ 

3 2.64 

-15 . 365 

1.130 i 

2 3.96^ 

-67.57^ 

-15,365 

1.130 1 

2 - . 2 7 4 

-67. 664 

-16.976 

1.091 I 

2 5.20 7 

-4 7. "71 

- 1 3.8 80 

0.979 i 

26. 16 1 

-40.750 

-12.706 

0.073 1 

27.007 

-40.560 

-11.672 

0.'f73 j 

2 0 . 0 2 4 

-60.879 

-10.550 

0.678 1 

20.970 

-69.208 

-9.626 

0.589 

29.919 

-69.567 

-0.287 

0.503 1 

30.072 

-69.095 

-7,136 

0.621 I 

31.0 29 

-5 0,2':: 

-5.977 

0.366 * 

12.790 

- 5 0 . h 1 8 

-6.805 

0.2 69 j 


\ 5 September 1 902 


0.130 

0.065 

0.003 

-0.058 

-0.116 

-0.172 

- 0.226 

-0.270 

-0.328 

- 0.377 

-0.425 

-0.471 

-0.515 

-0.558 

-0.600 

-0.642 

- 0.602 

-0.721 

- 0.759 

-0.796 

CIIW 
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CHROMIUM MONOXIDE (CrO) (IDEAL. MOLECULAR GAS) gfw =* 68.01 
AHfo= 49.567 Kcal gfw"* f298 . 1 5 ^ 

Ground State Configuration 1 ^*298.15” 56.689 cal degK"*glw“^ 

H*298. 15“^*0 ” 2.440 Kcal gfw"* 

Spectroscopic constants for ten electronic levels from Herzberg ^ were used. 
See text for details. 

Heat of Formation 

2 

Based on work of Grimley ct ad . 

Heat and Capacity and Entropy 

Calculated on diatomic gas computer program. 

References 

1. Herzberg,G. , Molecular Spectra and Molecular Structure I. , 

Van Nostrand, N. Y. (1950). 

2. Grimley, R. , et al. J. Chem . Phys. 34 . 664 (1961). 
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TABLE 136 


CHROMIUM DIOXIDE CONDENSED PHASE Cr02 

Rcf«renc« State for Calculating AFf. and Log Kp- Solid Cr from 0* to 2148*K, 

Liquid Cr from 2148’ to 2967* K. Gaaeoua Cr from 2967 to 6000* K; Cascoua 03: 

Solid Cr02. 




c«l/'"K gfv 


_ It tmI / 



T.®IC 

's 

St 

0 / 0 ■ 0 

Hjvgi/T Hj - H29g 

AH,’ 


I-®! 


0 

0.000 

0.''^0 

infinite 

-1.900 

-1 38.899 

-138.695 

infinite 

298.19 

13.380 

9.900 

9.900 

0.000 

-140.000 

-126.647 

27.677 

500 

13.430 

9.983 

9.90 3 

0.024 

-139.999 

-126.600 

27.667 

311.69 

13.670 

10.901 

9.914 

0.183 

-139.990 

-126.034 

27.543 

311.69 

13.670 

10.901 

9.914 

0.183 

-139.991 

-126.034 

27.943 

400 

19.070 

14.094 

10.491 

1 .497 

-139.861 

-122.102 

26.664 

500 

16.190 

17.584 

1 1 .942 

3.021 

-1 39.693 

-1 17.687 

29.719 

600 

17.000 

20.602 

12.802 

4.660 

-1 39.400 

-113.319 

24.764 

700 

17.740 

23.279 

14.112 

6.417 

-1 39.100 

-106.991 

23.819 

600 

16.430 

29.693 

19.410 

8.226 

-1 38.769 

-104.711 

22.883 


1 S September 1 9<>2 CHW 
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CHROMIUM DIOXIDE (Cr02) (CONDENSED PHASE) gfw = 84.01 

“ -140. 000 Kcal gfw ^*298. K' ^ gfw “ ^ 

H*298. 15“H*0‘ Kcal gfw“^ 

C*p = 14.13 + 5.80 X 10’^ T -2.20 x 10^ cal deg K‘* gfW^ 

298. 15 ‘K < T < 800 ’K 

Structure 

Cr02 is considered to remain solid until decomposition occurs near 800*K. 
Heat of Formation 

Based on work of Arlya et al. ^ 

Heat Capacity and Entropy 
Data were estimated. 

References 

1. Ariya.S, .etal, J. Gen. Chem . USSR 23,1307 (1953). 
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TABLE I *7 


CHROMIUM DIOXIDE 


IDEAL MOLECUIJVR CAS 


Cr02 


Rrferente for CalcuUtinK \\i^ , A F J , and Log Kp Solid Cr from 0* to 2I4H*K. 

Liquid Cr from 2MH" to 29()7*K. Cias«>ouB Cr from ?»67’ to f)000*K, CaBeoua 

Gaseoua Cr 02 . 



— 




. 












T."IC 



-if; 

Hj - ”298 

— - •wglw. 

3h‘; 

af;^ 

« "I Kp 

6 

0.000 

0.000 

iNriNi Tf 

-7.6*0 

-18.505 

-10.595 

INFINITE 

798 • 1 

1 0. *53 

61 .856 

61 .856 

0.000 

-19.000 

-21 .137 

1 5 .*93 


10**73 

61 .971 

61 .856 

0.010 

-19.00* 

-21.150 

15 .*07 

311*65 

10*599 

67. 177 

61 .066 

0.1*2 

-10.031 

-71.725 

1* *88* 

311*6*'' 

1 0 * 599 

67.32? 

61 .866 

0.1*2 

-10.037 

-21.225 

1* *88* 

<»00 

1 1 .*77 

65.071 

67.779 

1.117 

-10.701 

-71 *033 

1 1 .928 

500 

17.005 

67.696 

63.107 

7.70* 

-19, 380 

-22. *70 

9*821 

600 

17.537 

69.9*? 

6* # 06* 

3.527 

-19.553 

-73.072 

8**03 

700 

17.8*9 

71 .899 

65,0*6 

*.797 

-19.77d 

-23.6*5 

7.382 

800 

1 3.070 

73.630 

66.01 3 

6.093 

-19.907 

-2*. 19* 

6.609 

900 

1 3.730 

75.179 

66.0*7 

7. *00 

-70.100 

-2**719 

6*002 

1 000 

13.350 

76.580 

67.8*7 

8,738 

-20. 379 

-25*220 

5.512 

1 1 00 

1 3.**1 

77.857 

68,605 

10.078 

-20.598 

-25.697 

5.105 

1 700 

1 3.5 1 7 

79.079 

60.508 

1 1 .*26 

-70.918 

-26 • 1*6 

*.762 

I 300 

J 3.569 

60.113 

70.787 

1 2. 780 

-71 .291 

-26.566 

* .*66 

14.00 

13.61* 

01.120 

71.021 

l*.139 

-71 F »06 

-26.958 

*.206 

1500 

13.651 

87.061 

71 .776 

15.507 

-77. 1 53 

-27.318 

3.980 

1 600 

13.681 

87,9*3 

77. *00 

16.860 

-77.633 

-27.6*6 

3.776 

1 668 

1 3.69* 

83.3*8 

77. 71 3 

1 7.576 

-77,880 

-77. 790 

3.686 

1 64.8 

13.69* 

8 3 . 3*0 

77.713 

1 7.526 

- ’3.680 

-27.798 

3.686 

1 7 or 

1 i . 707 

83 . 773 

73,0*5 

10.730 

-73.956 

-77.97 1 

3*589 

1 800 

1 3 . 7 fi 

8* . 55 7 

73.663 

19.610 

-7*. 57* 

-78.1 38 

3**16 

1 900 

1 3. 7* 7 

85 , 300 

7* .756 

70.90* 

-75.1** 

-70.371 

3.258 

7000 

13.767 

86.^k 6 

7* . 876 

77. 360 

-75 . 000 

-70.* rC> 

3.111 

7088 

13.77* 

86.599 

7 . 3 1 0 

73.571 

-76 . * 39 

-78.536 

7.991 

7088 

13.77* 

86.599 

7 5.310 

73.57) 

-76.789 

-70.576 

7.991 

710C 

1 3 . 7 ; f, 

86.677 

75.37* 

’3. M 7 

-76.873 

-70.581 

7 • 97* 

7l4.fi 

1 4.787 

86 . 989 

75.630 

7*. 390 

-77.710 

-28.59* 

7.909 

714.8 

1 4.787 

86.909 

7*- .630 

7* • 390 

-32.150 

-7H.59* 

2.909 

7700 

13.788 

8 7.319 

75.903 

75.115 

- 57. 395 

-70.501 

7.831 

7 30 0 

13.798 

fW . 9 3 2 

76. *1 3 

76.*^* 

-37.872 

-7M, 315 

7.690 

7 4.00 

1 3.807 

P 8 . 1 9 

76.005 

77.07* 

-33. 35* 

-70. 106 

7.559 

7500 

13.81*' 

89.083 

77.381 

79.756 

- 33.0*0 

-?7,H 78 

2 .*37 

7600 

] 3 * R 7 7 

89.67‘ 

77.8*1 

30.637 

-3*. 331 

-77,678 

7.377 

7700 

13,879 

90.1*7 

■'8.788 

32.070 

-34 4. 

-27 , 465 

7.215 

7 800 

! 3.83* 

90 .6" 0 

7k . 770 

1 .*0 3 

-35.3 

-77,07b 

7*113 

7900 

13.8*0 

91 . 1 ”>5 

79.1*0 

3* . 787 

-35.8 5 

-76.773 

2-018 

7966.87 

13.8*3 

9 1 . * 5 1 

79 , *1 * 

45. 71 * 

-36. 1 7^ 

-26.561 

1 .956 

7966*87 

13.8*3 

9 1 . * 5 1 

79. *1* 

35.71* 

-116.389 

-76.561 

1 .956 

3000 

1 3. B** 

91.605 

7^,5*0 

36.171 

-1 lb. *00 

-75,55* 

i .86? 

■4 100 

1 3.8*8 

97. 0*^9 

79,9** 

37.556 

-116.007 

-77.515 

1 .587 

3700 

1 3.85? 

9 ? . * 9 P 

80. -79 

38-9*1 

-117.133 

-1 9. *77 

1 . 330 

3300 

13.856 

9? 

P0.705 

*0.376 

-J 1 7.*79 

- 1 6 . * 1 * 

1 .007 

3*00 

1 3.859 

93.338 

8 1 ,0 ’0 

*1.717 

-I 1 7,8*0 

-1 3.3*7 

0.858 

3500 

1 3,867 

94,7*0 

81 .*76 

*3.090 

-110.716 

-10.767 

0.6*1 

3600 

1 3 . 86* 

9* . 1 3 1 

81.77* 

** • *0* 

-1 10.tO- 

-7.178 

0.4.36 

3700 

1 3.067 

9* . 5 1 1 

P 7 . 1 1 3 

1. 5 , 8 7 I 

-119.011 

-*,07* 

0*74.1 

•4600 

1 3.069 

9* . 860 

87.*** 

*7.750 

-11 9, *30 

-0.961 

0.055 

3900 

13.071 

95.7*1 

87.760 

•♦a.f *5 

-119.065 

7.165 

-0*121 

*00C 

13.873 

95.597 

8 3.08* 

50-03? 

- . : . J 1 5 

5.796 

-0.709 

4*100 

13.8 7' 

95.93* 

83.393 

51 -*19 

-170. 701 

0 . **6 

-0**50 

*700 

13.877 

96 .769 

P 3,t)96 

5?. 80 7 

-171 .767 

1 1.600 

-0*604. 

*300 

1 3.6 78 

96. 59^ 

P 3.997 

.*.195 

-1 71 .760 

l*.77l 

-0.751 

* * 0 0 

1 3.880 

96.91* 

P*.762 

55-582 

-177*276 

17.956 

-0.892 

*500 

1 3.881 

97.776 

P*.566 

56.970 

-177.811 

21.150 

-1 .027 

*600 

1 3.887 

97.5 37 

6*. 8*5 

50-359 

-1 7.3* 36* 

7*. 357 

-1.157 

*700 

13.8 8* 

97. j 0 

85.118 

59. 7*7 

-1 73.939 

77.570 

-1 *782 

*600 

13.885 

98.177 

R5 , 300 

61.135 

-17*. 53^ 

30.006 

-1 .*03 

*900 

1 3.886 

98 . *09 

P5,6*9 

67.57* 

-175.153 

3*. 0*5 

-1 .518 

5000 

13.887 

96.689 

85.907 

6 3.917 

-1 75.796 

37. 105 

-1 .631 

5 1 00 

1 3.688 

90.96* 

86.160 

65. 3C1 

-176**6^ 

*0.576 

-1 .739 

5 700 

1 3.889 

99,73* 

86 • *09 

66 -690 

-177.16? 

*3*857 

-1 *84.3 

5 300 

1 3.889 

99 .*98 

86.65 3 

60.079 

-177.009 

*7.159 

-1 .9*5 

5*00 

13.090 

99,750 

R6 .89* 

69.*68 

-178.650 

50**63 

-2.04.2 

5500 

15.891 

1 00.01 3 

P7.1 30 

70.857 

-1 ?9.**5 

53.796 

-7*138 

5600 

1 3.89? 

1 00.763 

87. 367 

77.7*6 

-130.781 

5 7.1 17 

-7*7 50 

5 700 

1 3.097 

100.509 

67.591 

73*635 

-1 31.160 

60.500 

-7*320 

5 600 

1 3.693 

100.751 

67.816 

75*07* 

- 1 37.089 

6 1.070 

-7**07 

5 900 

13.693 

1 00.980 

68.037 

76**1* 

-1 3 4.077 

67.266 

-7 **92 

6000 

13.69* 

101 .777 

86.755 

77.803 

-1 3*.l 17 

70*668 

- 2 • 5 74 . 
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CHROMIUM DIOXIDE (Cr02) (IDEAL MOLECULAR GAS) gfw =: 84. 01 

AHjo = -18. 595 kcal gfw-1 ^ ^ - 1 9. 000 kcal gfW 1 

Point Croup ^ ®298. 15 ~ ‘**8 K'‘gfw'‘ 

«l 98 . 15-»0 = 2.640 kcal gfw'l 

Vibrational Levels and Multiplicities 


cm“^ 

OJ, cm 

870 (1) 

926 (1) 

388 (I) 



Bond lengths and angles: 

Cr-O distance = 1. 627 A 
O-Cr-O angle = 107^* 

Product of moments of inertia: 

IaIrIc ■ ^ or - i 

He < it of Formation 

Based on mass-spectrometric work of Grimley ct al^. 

Heat Capacity and Entropy 

Calculated using estimated spectroscopic constants. 
Reference 

1. Grimley, R. T. et al, J. Chem. Phys. 34, 664 (1961). 
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TABLE liB 




CHROMIUM TRIOXIDE (CrOj) (CONDENSED PHASE) 


gfw - 1 00. 0 1 


2^Hf298. 15 = -141. 400 kcal glw' > = 18. 260 cal deg K'^giwl 

T = 470®K ■ 5. 358 kcal gfwl 

m 

”298. 15-”o ’ 

C° = 18. 12 + 7. 80 X lO'^T - 2. 10 x lO^T'^ cal deg K-lgfw'l 
P 

298. 15“K ^ T ^ 470°K 

Cp = 29. 00 cal deg K' ^gfw‘ ^ -170‘’K ^ T ^ HOO°K 

Structure 

See volume 1, this study (section IVB6. 4. 3) for details. 

Heat of Formation 

The value of Mah^ adopted. 

Heat Capacity and Entropy 

An equation estimated in an analojjous manner to that used for 
Melting and Vaporization 

See volume 1, this study (section IVB6. 4. 3) for details. 

Reference 

1. Mah, A, D. , J. Am. Chem. Soc. Ihr 33h3 (l'.>S4). 
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J Xhl I I ' 


ClfROMFUM TRIOX 

Kcf«Trnc*' Stiit 
l.lquul Cr Irorn ^i4H" 


IJ>1 A 1 M(H f f J AR < ,A‘. 


Cr03 


*^‘P' *° 2148 K, 

2R>7’ K. (:*h#-oum f r froM. ^967 to 6000' K. Ga*rouii O^, Gaseou. CrOi 


r."K 


0 

P'38. J S 
^00 

3 11 . 6 •> 
3 n . t, 
<*00 
5 00 

60^ 

700 
8 00 
000 
1 000 

1 I CO 

I 1 por 
I 13C0 
j l<.0i. 


1 600 
, 1 6<.8 
, u.<.8 

1 7 1 - 

, 18 0'- 
. 1 
1 ;oo' 

I 7088 

I 7 0 8 8 

;• \ 0 r 
' .'I <.8 

?l<.8 

■>^( .- 


. .'b'lO 
P 7 ' 0 
Pfli 

1 P ■ M 

j 7 966.H.- 

7 • HP 

3000 


i 3 10" 
?P ''■' 

13>.( 

j »..;'0 

350C 


36'^'C 

1 7CC 
1800 

3 90 0 

<.000 

4 1 or 

4 700 
4 3rif' 

4400 
4 500 


4 60 0 

4 700 

4 800 

4 900 
SOOf- 


4 1 00 

5 700 
5 3 00 
5400 
55or 


5600 

5700 

5800 

5900 

6000 


r: 

t 

cl' K *r 


r — — 

p 

■’I 

^ 1 1 H ' ' 1 

“t * “?9M 

0.000 

o.oor 

INF INI TE 

-3.108 

13.88] 

64 . 500 

64 , 500 

c.ooo 

J 3 . J 6 

64 .5 87. 

64.500 

0.026 

14.104 

65.701 

64 ,566 

0.198 

J 4 . 1 04 

6 5.701 

64. 566 

0.198 

15.533 

68.874 

6 5.06 / 

1 .50 i 

1 6.66 3 

77.419 

66.187 

3.116 

1 7.441 

75.530 

67.491 

4 . 824 

1 7 , 'ifl4 

7P . P67 

P. 8 . 8 3 9 

6 . 596 

18.371 

P 0.6 90 

70.171 

8.415 

18.654 

8? . P 71 

71 .463 

1 0 . 2 7 

18.867 

P 4 . 8 4 p 

77 . ?Cu 

1 2 . 1 4 4 

1 9 . 0 P 9 

86.654 

73.89? 

1 4.039 

1 . 1 5 6 

88 . 31 6 

7 ' . 0 7 5 

15.948 

1 9 . P 5 7 

ft 9 . P 5 3 

76.108 

17.869 

19.338 

91 . 7H 3 

77.141 

1 9.799 

1 9. *.04 

97 . '.7 0 

78.179 

PI .7 \6 

1 9 . 4 ^ Q 

9 3 .6 74 

79.074 

P3.6 79 

19.481 

94,44' 

79.509 

24.615 

’ 9 . 4 H 1 

94 , 4 4 •• 

7 9. S.'' 9 

24.615 

19.5 r. « 

9‘ ,C4« 

79,980 

*5.628 

19.543 

96.17; 

B 0 , 8 4 9 

P 7 . 580 

19.' 76 

-■'.77' 

P 1 . 5ft 3 

2 9.5 36 

1 9.605 

9 P . P 3 3 

P . 4 a 6 

.*1 .495 

19.676 

99.077 

0 . i 66 

^3.222 

1 <.6 76 

99.0.7 

P 3 . 1 66 

* 3 , / P / 

.9.6 7 9 

9 / . 1 9 1 

ft 3.759 

^ 3 . 5 7 

1 9.6 ->9 

^ <.6^7 

8 -v . 6 1 7 

34 , 4uC 

19.63. 

99 .63P 

P 3.61 7 

34 .400 

i9,6M- 

1 '' 7 . i 0 4 

84,004 

35.421 

19.669 

: ‘0.-.7P 

84.'? 3 

‘■'.38 7 

19.68' 

1 7 ; . H 1 ^ 

•.*..418 

39.355 

1 9. 700 

I 7 P . 6 l 9 

86.090 

4l . 324 

19,713 

*0 3, 3 -P 

86 , 74 1 

*.3.29 5 

1 9. 7P4 

i 04 . 1 

P 7 , ’7 , 

4 5 . 2 7> 6 

1 . 7 3 4 

1 C 4 . 6 5 4 

^7.96 3 

7 . P 3 9 

1 9 . 7 4 4 

i : 5 . ' 4 7 

P f . 5 7 7 

*♦ 9 , / 1 i 

19.749 

105.9'^-' 

bft .9f>.. 

50.536 

19.74. 

10* , 99 7 

PP .964 

50.536 

1 9 , 7 5 P 

I 06 .716 

84.154 

51.188 

1 9. 76" 

1 ‘'6.8 64 

'*9.714 

* 3.164 

1 9 , 7 6 6 

; 0 7 ...91 

•O.Pf '' 

45.140 

i <.77* 

. Ort. 1 00 

'.0; , 7 y? 

5 . 1 1 7 

19.779 

1 ‘CP .6 '0 

yl . 309 

59.094 

19.784 

* O'. , 7 04 

9 . , 8 J •. 

6 1 , 0 7 J 

1 . 7 a 9 

: C9.t*pi 

9p . 37 7 

f* 3.05 1 

19.793 

110.36-' 

^P.Tr 7 

{>4,030 

1 V. 79 7 

1 1 0 . M ■. 1 

9 < . 7 *• 7 

67.010 

1 9. HOI 

1 1 1 .40' 

.'*.716 

(>8 . 990 

19.8 04 

1 1 1 .93'7 

94 . 1 64 

^0.970 

19.808 

1 1 7. ■*‘-6 

94,603 

7 2. 951 

19,811 

117.873 

'y* .0 3/ 

74.931 

I 'V . 6 1 4 

1 1 3 . 3 * 'J 

9S. 4* 3 

76.91 3 

19.8 16 

: 13,7'-*' 

■V 5 , 8 y- *, 

76.894 

19.819 

1 14.P4 0 

4 6 . 7 El 8 

80.876 

19.871 

114.676 

-6.66 3 

82.858 

1 9.87"' 

1 1 5 . 1C7 

97.0*1 

84.840 

19.874 

115.5/0 

47,431 

86.823 

19,877 

115.978 

97.805 

88 . 805 

19.879 

1 16. 3. 9 

98.171 

90.788 

19.831 

1 1 6 . 7 7 7 

‘J M . 5 3 1 

9/ . ; 7] 

1 9 . 8 3 

1 1 7. 1C7 

‘38.884 

94 .754 

19,834 

1 1 7.4H4 

49./ 3/ 

96. 7 17 

19.835 

117.855 

99,574 

98. 7/1 

19.836 

118.719 

9 ''.90 9 

1 00,704 

1 9.838 

118,577 

100.739 

1 02*608 

19,839 

1 I H. 97 6 

100. *>64 

106.67/ 

1 9.840 

119.773 

100.884 

1 06.656 

19.841 

1 1 ' j . 6 1 7 

101.198 

108.640 

19.847 

1 19.94*- 

101 .508 

1 10.624 




_ k(. al / 


L"* Kp 

-EW.4 26 

-67.426 

INFINITE 

-68.400 

-64.020 

46.926 

-68.404 

-63.993 

46.616 { 

-68.423 

-63.825 

44,756 

-68.424 

-{>3.825 

44.756 1 

-68.576 

-62.491 

34.142 1 

-68.685 

-7j0.956 

26,643 

-68.761 

-59.402 

21 .636 

-7^8.8l4 

-57,840 

1 P .057 

-68 . 873 

-56.268 

15.371 

-68 . 94 1 

-54.689 

13.280 

-69.036 

-53.099 

1 1 .604 

-69. 1 70 

-51 .499 

lC.231 

-69. 353 

--♦9.88 5 

9.605 

-69.587 

-48.25 3 

B. 1 12 

-6" H63 

-46.603 

7.275 1 

- 7 J. 1 7? 

-44,933 

6.546 ; 

- 70. 5i *. 

-43,23 7 

5.906 i 

-70.694 

-42.416 

5.625 : 

-71 . w94 

-42.416 

5.62*' i 

o 

0 

1 

-41 ,499 

5.335 1 

-72.131 

-39.710 

4.821 1 

-72,616 

-37.R94 

4.359 , 

-73.147 

-36,052 

3.939 

-73.661 

-34,408 

3.601 

- ? 4 . 0 • 1 

-34,408 

3.601 

-74.084 

-34,178 

3.557 ' 

-■’4.354 

-3 > .240 

3.382 1 

-79,294 

-33.240 

3,382 

- 79.472 

-•12.120 

3.191 ‘ 

-79.820 

-29,9E0 

2.847 : 

-80.1 74 

-27. 787 

2.5 30 

-80.537 

-25.598 

2 .2 38 

-60.9C<* 

-23.392 

1.966 . 

-a- 

-21 . I’’! 

1.714 i 

-81. ^ 

-IH.936 

1 .4 78 

-82. - 

-16.692 

1 .258 

• 82. 3- * 

-15.179 

1*180 : 

-16 2.5 3.* 

-15.179 

1.180 

-U 7.592 

-13.536 

0.986 . 

-162. 794 

-0.553 

0.603 I 

-163.015 

-3.S84 

^ . 2 5 

-163.251 

1.406 

-0.093 . 

-163.507 

6.399 

-0.411 ‘ 

-163.776 

1 1 . 403 

-6.71? . 

-164 . . >5 

1 6 . 4'"'9 

-0.996 ! 

-164. 367 

21.436 

-1 .266 ' 

-1 6*. .665 

26.45? 

-1.521 : 

- i <> ^ .022 

11 .496 

-1*765 1 

16 J. 37* 

36.532 

-1*996 ’ 

-165. 745 

4 1 .586 

-2.217 i 

-U6. 1 34 

*.6.649 

-?.427 j 

-166.539 

*'1.7/0 

-2.629 1 

-166.968 

56.808 

-2.822 

-167.41? 

61 .893 

-3.C06 

- 16 7.880 

67.004 

-3.183 

-160. 3TP 

72-11? 

-3 . 3*'3 

— 168.886 

77.24? 

-3.517 

-169.428 

82. 369 

- 3.674 

-169.996 

07.526 

-3.825 

-1 70.596 

9 7.677 

-3,971 

-1 71 .229 

9 ?.843 

-4.11? 

-171 .899 

1 0 1 . 0 2 7 

-4.248 

- 1 72.609 

108.221 

-4.386 

-1 7 3.362 

1 1 3.443 

-4.508 

-1 74.167 

1 18.664 

-4.531 

-175.027 

121.91/ 

-4.751 

-1 75.9S3 

1 29. 166 

-4.867 

-1 76.912 

134.449 

-4.980 

-1 78.035 

1 39.740 

-5.090 
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CHROMIUM TRIOXIDE (CrOj) (IDEAL. MOLECULAR GAS) gfw = 100. 01 

= -67. 426 kcal gfw^ ^”°298. 15 = gfw-* 

Point Group = ^298 15 ' *^*8 K'^gfw*' 

“298. 15'“0 = 

Vibrational Levels and Multiplicities 
CU* cm“^ cm“^ 

840 (1) 1023 (2) 

397 (1) 374 (2) 

Bond lengths and angles: 

Cr-O distance = 1. 627 K 
O-Cr-O angle = 120° 

Product of moments of inertia: 

^A^B^C ~ <3“= 6 

Heat of Formation 

Based on the mase-spectrometric data of Gnmley et al^ 

Heat Capacity and Entropy 

Calculated from estimated spectroscopic Constants. 

Reference 

1. Grinnley, R. T, , R. P, BurnSgand M. G. Inghram, J. Chem. 

Phys. 34, 664 (1961). 
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TAni^L 1 40 


HAFNIUM 


Rl.I KRFNCE S'JATE 


Rirrrcnc M^l,. Calculating Ml,". \Ff. ainl log K„- Solid 11/ from 0- to 249S- 
»qui Hf from Z49*‘‘ to 4985' K, Gasroiis Hf from 4985' to 6000'' K 


..laiy ' K glw 


T."K 


0 

298.1 5 
300 
400 
500 

600 
700 
80C 
900 
1 000 

noo 
1 200 
1 300 
14 00 
1 500 

1600 
1 700 
1 600 

1 91* 

2 000 

203'' 

2 0 3 3 
210C 
2?('0 
2300 
240'! 

24 95 
24 95 

26 30 
27. C 
2600 
29'^r 
30 or. 

3 1'*''' 

3 200 
3 300 
3400 
3500 

3600 

3700 

3600 

3 900 

4000 

4 1 (vO 

4700 

4 30C 

44 00 

4 500 

4600 
4 700 

4 60 0 

4 900 
4965.40 
4965.90' 

5000 

MOO 

5 200 
5300 
5400 
5500 

5600 
5700 
5600 
5 9v00 
6000 




0.000 

0,000 

infinite 

6.390 

10.710 

10.710 

6.400 

10,750 

10.710 

6.050 

12.654 

10.964 

7.162 

14.215 

1 1.460 

7.332 

15.536 

1 : .030 

7.50? 

16.670 

12.613 

7,67? 

1 7.69a'> 

1 3.i88 

7.842 

16.60* 

13.740 

0,0 1 1 

1 9 .440 

14.269 

0.161 

20.212 

14.774 

0 . 350 

20.931 

15.250 

6 . 5 1 

21 .607 

15.721 

0.669 

22.244 

16.164 

0.859 

22 . 850 

16.590 

9.026 

23.427 

16.999 

9.1 90 

23.979 

1 7. 394 

9.368 

24.510 

17.774 

9,537 

25.021 

16.142 

9. 701 

.->5.514 

1 e .499 

9 . 764 

25,673 

16,614 

9 . 764' 

26.405 

^16.614 

9,077 

26.803 

1 6 •P-'O 

I0.C46 

27.267 

19,24 1 

10.216 

27.717 

1 9.6''0 

10,306 

28.155 

1 9.94 7 

10.547 

20.562 

20.260 

0.000 

30.662 

20.260 

8.0O0 

30.678 

20.269 

0,000 

30 . 991 

20.694 

0 ,1.00 

31 .293 

21.081 

6,000 

31.504 

21 .451 

0.000 

31 .06* 

21 .805 

fl.OOO 

32.136 

22,145 

0 .OOf 

32 . 390 

a*' 2 . 4 7 2 

6,000 

32 .6* 2 

22. 785 

0.000 

32 .699 

23.069 

6.000 

33.137 

23 , 36 i 

6.000 

3 3 , 9 

23.663 

F .000 

33.595 

; 3,936 

6.000 

31.614 

24.200 

0.000 

34.0? 7 

24,456 

P.OOO 

34 .235 

a*‘4 . 704 

0.000 

34.43^ 

24.944 

0 . ooc 

34 . 6 3 J 

25.178 

P.OOO 

34.028 

25.406 

6. 000 

35.016 

2 5.62 7 

fi.OOO 

35.200 

25.84 3 

6.000 

35 . 360 

26.053 

0.000 

35.556 

26.25 

6.000 

35 . 728 

26.457 

8.000 

35,P96 

26.652 

6.000 

36.061 

26.84? 

6 .000 

36.200 

27.001 

6.6 85 

62.936 

27,001 

8.696 

62 .962 

2 7. lOb 

6.966 

61.139 

27.811 

9.(?76 

63.31'^ 

26.492 

9 • 1 ' 

63.488 

29.150 

9.25 2 

6 3*661 

29.768 

9.337 

63.631 

30.405 

9.419 

64.000 

3 1 .004. 

9.400 

64.167 

3 1 . 564 

9.570 

64.333 

32.147 

9 . 6 S 3 

64.498 

32.695 

9. 725 

64.661 

3 <,226 


Kc«I, gim 


-1 .435 
0.000 
0.012 
0.676 

1 .378 

2.103 

2.645 

3.603 

4. 379 
5.172 

5.961 

6.807 

7.652 

8.512 

9.389 

10.264 

11.195 

12.123 

13.069 

14.031 

14.352 

'16.032 

16.660 

17.656 

18.669 

19.699 

20.694 

25.933 

25.973 

26.773 

27.573 

28.373 

29.173 
.-'9.973 

30.773 

31 .573 

32.373 

33.173 

33.973 

34 . 773 

35.573 

36. 373 

37.173 

37.973 

38.77 3 

39.573 
40.37 3 

41.173 

41.973 

42.773 

43.573 

44.373 

45.173 
45.856 

— 1 79,152 
I 79.20 2 

160.176 
161 .080 
IBl .992 
162.913 
1 83.842 

I 64.760 
1 85 . 726 
I 86.680 
167.641 
166.610 


1 S M.-irch 196 3 


K. 


og Kp 


HUS 
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HAF'NRIM (Hf) 


{RF:FFRrNC-F STATF ) 


gfw I7H 50 


0°K fo 2405“K Cry.tAl 

*»4‘*5^’K to 40‘'*K Liquid 

•1985 40'^K to feOOO^K Id«‘al Monatomic Ga ■ 


i^RfO * 0 
^^•2'38 15 ‘ 

Tj ^ 20 M^K 

T „ = 2495 “k 

m 

= 4985 40°K 
^^298 15"^^0 * 

Cp - 6 5147^^1 6964h * 10' ' I cal d»BK“*^/w- 


^*^^(290 15 ^ 

‘*’290 15 MO cal dagK'* glw”* 

^Hi 1 650 t 0 200 Kcal gfw * 

- 5 2 i9 t I 000 Kcal gfw* * 
Ah^ I M 296 Kcal gfw' ‘ 

was used from SOO'’ to 2495 ”k 


Structure 

H C P up to ZOU'^’k. B C C fron\ 20 to 24'»s‘^K 


Heat of F or matton 

Zero by definition 


He at Capa city and Lntro py 

LrOw-tempe ral ur e data of Durk et al* was loirwd onto F irUlh«}U«r and high 

temperature data 


Melting 


See Barrtauil et al 




Heat of Sublimation 


An average of two determinalione See volume 


tms eturly (ser tion IV'AO) lor details 


Referenc ea 


1 Burk D L I Eaterman an«1 S A Friedberg / Ph>*ik C hem 

Neue Folge I 6 18' (l95Mf 

2 Fleldhouae, I P and J Lang W ALD 1 R - 60. 904 f July I i ) arul p r i va t e 
communication 

3 Barnaul!, P J et al. Thermodynamics of r retain Pefiartory f lu'ipounda 
Pt 1 . Vol 1 ASD t'R-M -260 (Ma> '962' 


HaFNLJM ( H /| 


iRFTFRENCt STATFJ 
SLMMARV 0r LNCt'RTAINl V LSI I MAT!.', 


of -a « 17 8.50 


J 'k 
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♦ 0.500 

♦ 0.102 
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* 0.500 
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* 0.57 1 

2495 

♦ 2 . 00 G 

♦ 1.659 
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♦ 1,253 

♦ 1,715 

♦ 2,715 

♦ 3, 725 
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lAlllJ. 1 A 1 


HAFNIUM 


IDEAL MONATOMIC GAS 


Re ferenrc- State for Calculating A If!, AF^, and Log Kpt Solid Hf from 0“ to 2495* K, 
Liquid Iff from 249S- to 4985“ K. Gaaroue Hf from 4985“ to 6000“ K 
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44.675 
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0.000 
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1 .01 3 
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144.971 
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144.878 
1 34.806 
134.743 
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infinite 
-98.811 
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-71 .776 
-55 .967 


600 

5.285 

48.104 

45.629 
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144.354 

124,765 

-45.443 
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5.500 

49.015 

46.055 

2.072 

144.151 

121.515 

-37.937 
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5 .734 

49.764 
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7.634 

143.955 

118.297 

-32.316 
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46.877 

3.219 
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3.027 
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7.157 
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7 , 70 4 
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1 3. ,925 
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7. 7hI 
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8.013 

61 .079 

•'4.603 

25,904 

1 32.055 

7 1> . 2 8 8 
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0.717 

62.603 

55.812 

3-'. 596 

133.147 

4,956 

-0.226 j 

4900 
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HAFNIUM, MONATOMIC (Hf) 


(IDEAJL CAS ) 


gfw = 178. 50 


Ah^o = U4. 878 Kc*l gfw"* 
Ground State Configuration 

”298. 15-”o "" **'"''* 


Ah^298. 15 = 

®298 15 ' degK"* gfw"* 


Electronic Levels and Multiplicitiea 

1 2 

Data from earlier report using levels from Moore were used. 


Heat of Formation 

Vapor^pressure data from two sources were used and averaged. Volume I, this report 
(section IVA9) contains additional details. 


Heat Capacity anc Entropy 


Calculated on monatomic gas program 


References 

1. Barrlault, R. J. et al, Thermodynamics of Certain Refractory Compounds, 

Pt. I, Vol. I, ASD'fR-61-260 (May 1962). 

2. Moore, C. , Atomic Energy Levels, Vol. 3, Nat. Bur. Std. (U S. ), Circ. 467 (195B) 


HAfNlUM* MSMATSMlC (Hf) f tD£AL GAS) 

SUMMARY SF uncertainty ESTIMATES 


GFW • 178. SO 


r 

i 

i 


T.^ 


nr 


_c«l ■'K f/* — ^ — 





i 


298.15 

*0.000 

1000 

*0.001 

200C 

*0.001 

2033 

*0.001 

2033 

*0.001 

2A93 

*0.001 

2A95 

*0.001 

3000 

*0.001 

4000 

*0.003 

5000 

*0.006 

6000 

*0.011 


*0.002 

*0.002 

*0.002 

*0.003 

*0.003 

*0.003 

*0.003 

*0.003 

*0.003 

*0.003 

*0.003 

*0.003 

*0.003 

*0.003 

*0.003 

*0.003 

*0.003 

*0.003 

*0.C04 

*0.003 

*0.004 

*0.003 


*0.000 13.000 

* 0.000 
* 0.001 
* 0.001 
* 0.001 
* 0.001 
AO. 001 
* 0.001 
*0.003 
*0.007 
*0.015 
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TAIIU:: 141 


HAF NIUM NITRIDF: 


CONURNSKD MIASE 


Referrncr State for Calculating \Hf. \ F/ , and Ix>g Kp: Solid lil from 0* to 2495-K, 
liquid Ilf from 2495* to 498S"K, Gaacoua Hf from 4985* to 6000‘K; 

Oaaeou* N 2 ; Solid IffN from 0* to SSSi'-R, Liquid HfN from ^581* to 6000* K 
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9.626 

-87.554 
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16.552 

-86,9 0 ' 

-52.604 

7.185 

1 700 

14.666 

11.907 

2 I . 394 

18.007 

-86.857 

-50.450 

6.486 

1 600 

14.095 

12 .P31 

22.007 

19.485 

-86 .7 41 

-40.322 

5.867 

1 9C0 
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33.643 

22.590 

20.986 
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-46.19? 

5.313 
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' , ■'50 

34 . <4 24 

21.170 

22.509 

-06.47 1 

-44.067 

4.815 

20 3 

1 5.424 
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23. 354 

23.01 7 

-86.426 

-43.367 

4.662 

20 3 3 

15.424 

14.676 

21.354 

23-017 

-88.076 

-43.367 

4.662 

2 100 

15.576 

15.179 

2 1 . 724 

24.056 

-87.983 

-41 ,097 

4,360 

2200 

1 5 . 80? 

35.909 

24,261 

25.625 

-07,043 

-43.005 

4,272 

2 300 

16.027 

36.616 

24.763 

27.216 

-87.699 

-37.519 

3.565 

2 400 

16.253 

17.301 

25.290 

28.830 

-07.551 

-35.342 

3.218 

2495 

16.466 

17.910 

25, 760 

)C 384 

-07.407 

-33.276 

2.915 

2495 

16.466 

17.950 

25, 760 

30.384 

-92.646 

-33.276 

2.915 

2500 

16.477 

■'7.971 

25 , 784 

30.467 

-92.625 

-33.156 

2.898 

2 600 

16. 702 

30.622 

26,260 

32- 126 

-92.204 

-30.789 

2.588 

2 700 

1 6 . 926 

39.256 

26. 735 

33.807 

-vl . 762 

-28.435 

2 , 3 O 2 

2 800 

17.151 

39.876 

27.193 

35.511 

-91 .290 

-26.097 

2.037 

290f 

17.375 

40,401 

27.641 

17,237 

-90.814 

-23.777 

1 .792 

3000 

1 7.599 

41 .074 

26.079 

38.986 

-90. 307 

-21.475 

1.564 

3 100 

1 7.822 

4 1,655 

28.508 

40. /57 

-89.776 

-19.189 

1.353 

3?00 

1 b .046 

4 2 . 2 2 4 

"8.927 

42.5‘*0 

-89. 229 

-16,918 

1,155 

3 300 

18.270 

•.2 . 781 

29, 339 

44 » 366 

-88.657 

-14.668 

0.971 

^4(n 

1 0 . 49 < 

43.112 

29. 74? 

46 .204 

-00.064 

-12.434 

0.799 

3500 

1 h . 7 1 7 

4 1.071 

10.119 

48.06^ 

-07.449 

-10,218 

0.638 

358 3 

i R. 90.’ 

4 4, * 1 2 

1 0 . 4 fj 4 ’ 

49.626 

-06-922 

-0.396 

0.512 

3581 

16.000 

46 . 4‘-?6 

10.402 

64.626 -71.922 

-0,396 

0.512 

360C 

16.000 

c 

X 

J* 

30.54/ 

64 . 098 

-71 .062 

-0.O9J 

0,491 

3 700 

16.000 

4v.c;2 

3 1 .040 

60 .498 

-7 1. 509 

-6.126 

0.374 

3800 

16.000 

4 . 4 W 

31.519 

68.098 

-71.156 

-4.570 

0.263 

3 900 

1 6 . 000 

4 V . R 5 ^ 

11.90.. 

69.070 

-70.004 

-2.822 

0.156 

4000 

1 6.»)00 

^ 0.260 

3 2.4 3'. 

7 i . .'98 

- ; 0 . 4 5 r 

- 1 .084 

0.059 

4100 

1 6.0100 

‘ .65' 

32.875 

. 89 8 

-76 . 101 

0.644 

-0.034 

4200 

1 6.000 

1 .040 

1 3 , 30 ' 

,* 4 , 4 9 H 

- 69. 7* 0 

2.369 

-0.123 

4100 

1 6.00n 

51.417 

3 3. 72 "' 

70.098 

-r - , -CO 

4,079 

-0.207 

4400 

1 6 . 0 0 0 

51.70- 

14.126 

7 7 .6V8 

-69.050 

5. 7SB 

-0.207 

4500 

16.000 

52.144 

34.523 

CD 

-60. 701 

.402 

-0 . 363 
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46 C 0 

16 . COO 

4 700 

16,000 

4 eo ^. 

16.000 

4900 

16.000 

4985.4 

16.000 

4985.4 

16.000 

5000 

1 ^ • 000 

5 IOC 

16.000 

5200 

16.000 

5 300 

16.000 

5 4 00 

1 6.000 

5 5 (' t 

1 6.000 

5600 

1 6.000 

5 7 Of 

1 6.000 

5 60 / 

16.000 

5 90 < 

16.000 

f -. 0 ^ 

, 6. op.- 


5 2 . 4 -<6 

14.910 

5 2.040 

15,207 

51.1/7 

1‘-.65 7 

51.507 

16.010 

51.781 

16. U ■» 

‘ 1 . 7b1 

16 . 11 ‘S 

M . 0 1 r 

16.371 

5.,. 147 

»6, 716 

54,450 

17.064 

54 . 762 

1 7 . 105 

56.062 

1 7, ■’1 C 

5S , 1‘ 6 

1 n , 0 2 B 

56.6*. < 

18, 14 0 

5 . 9 2 / 

1 M . 6 •• C» 

6 b . 2 c.< *« 

1H . <14 7 

^ 6 , 4 7 b 

19.241 

■ 6, 747 

• ... 11 


, .098 

-60. 352 

02.498 

-68.003 

04.0^0 

-67.655 


-67. 107 

07.064 

-67.010 

07,064 

-200. 306 

8 7.290 

-200.260 

80,098 

-200,015 

90.470 

- 1 99, 7 72 

9^.090 

-199.5 10 

91.690 

-199. 31 1 

95,290 

-199.096 

9b, 090 

-198.004 

98,490 

-I 90.690 

1 00. 090 

-1 98.h9>5 

1 0 1 .6-70 

-198. ilb 

i 0 1 . 2 ’ 8 

-1 90. 1 wl 


9.167 

-0.436 

10.055 

-0.505 

12.526 

-0.570 

14.192 

-0.633 

15.613 

-0.684 

15.613 

-0 .684 

16.240 

-0.710 

20.571 

-0.881 

24.096 

- 1 

29.2 1 3 

-1 .205 

31.527 

-1.357 

37.834 

-1.503 

42.145 

-1 .645 

46.445 

-1.781 

50.740 

- 1.912 

55,04? 

-2.039 

59. Ill 

-2.161 
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HAFNIUM NITRIDE (HfN) (CONDENSED PHASE) 

AHf 298. 15 = -®8. 24 kcal gfw'l 
Tm = 35830K 


gfw = 192. 508 

^298 15 ” 1 0. 7 Ceil degK* w“ 
AHj^- 15. 0 kcal gfw- 1 


H?98. 15-«o= 

Cp = 10. 936+ 2. 2268x 10‘^T - 1. 5998 x 1 O^T'^cal degK'^gfw" ^ 298. 150K< T< 358 J‘’K 

Cp = 16.0 cal degK** gfw'* J583°K< T< 600 o"K 

Structure 

HfN has an fee structure J^NaCl (Dl) typej with variable homogeneity range. 
Heat of Formation 

Combustion-calorimetry data of Humphrey^ used. 

Heat Capacity and Entropy 

Low-temperature data estimated. High-temperature data of Neel et al^ 
recalculated in present work and extrapolated to melting point. 

Melting and Vaporization 

Heat of fusion estimated. 
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1 ABLtM3 


HAFNIUM MONOXIDF l^FAL MOJ.KCULAH GAS 


HfO 


Reloroncfl St«t« for Cttlculaling m ^ . and Log K Solid Hf from 0* to 249S*K, 

Liquid Ilf from 249‘i" to 498S’K, Gaseous Hf from 49HS" 
lo 6000“ K. Gaseous O^, Gaseous HfO 


I X 


0 

?9a.i6 

100 

<»00 

500 

600 

700 

eoo 

900 

1000 

uoo 
1?00 
I 300 
1400 
I 500 

1600 
I 700 
1600 
1900 
?000 

2031 

2011 

2100 

2200 

2300 

2400 

2495 

2500 

2600 

2700 

2600 

2900 

1000 

1100 

1200 

3100 

1400 

1500 

1600 

1700 

1600 

1900 

4000 

4100 

4200 

4300 

4400 

4500 

4600 

4700 

4800 
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4985.40 
5000 

5100 

5200 
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5400 

5500 

5600 
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5600 
5900 
6000 


0.000 

7.471 

7.479 

7.911 
6.310 

6.671 

8.990 

9.265 

9.495 

9.662 
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9.943 

10.025 

10.080 

10.114 

10.130 

10.131 
10.122 
10.103 
'0.079 

10.070 

10.070 

10.050 

10.018 

9.983 

9.948 

9.914 

9.914 

9.912 

9.876 

9.840 

9.805 

9.771 

9.739 

9.707 

9.676 

9.647 

9.619 

9.593 

9.567 
9.543 
9.520 
9. **96 
9.477 

9.457 

9.417 

9.419 

9.402 

9.186 

9.370 
9.355 
9. 141 
9.127 
9.316 
9.316 
9.314 

9.102 

9.290 

9.279 

9.268 

9.258 

9.246 

9.219 

9.210 
9.221 

9.211 
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o.uoo 

INFINITE 

-2.108 

19.360 

19.360 

INFINI Tc 

57.736 

57,736 

0.000 

16.996 

12.281 

-9.002 

57.783 

57.717 

0.014 

18.991 

12.239 

-8.916 

59.994 

58.035 

0.784 

18.742 

10.024 

-5 .477 

61 .603 

58.61 3 

1.595 

16.486 

7.873 

-3.441 

63.351 

59.277 

2 .444 

18.232 

5.773 

-2.103 

64.712 

59,956 

3.328 

17.985 

3.715 

-1.160 

65.931 

60.630 

4.241 

1 7. 741 

1 .695 

-0.463 

67.035 

6i .281 

5.179 

17.496 

-0.296 

0.072 

68.046 

61.908 

6.138 

17.248 

-2.2b0 

0.494 

68.976 

62.506 

7.114 

16.996 

-4.198 

0.834 

69.836 

63.084 

8.103 

16.735 

-6. 1 J 3 

1.113 

70.636 

63.634 

9.102 

16.460 

-8.006 

1 .346 

71.381 

64 • 1 6 1 

10.107 

16.1 73 

-9.878 

1 .542 

72.0/8 

64.666 

11.117 

15.871 

-11.728 

1.709 

72.731 

65.150 

12.130 

15.55* 

-13.558 

1 .052 

71.345 

65.614 

13.143 

15.211 

-15.366 

1 .975 

7 1 . 924 

66.060 

14.155 

14.851 

-17.156 

2.083 

74.471 

66.488 

15.167 

14.470 

-18.923 
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74.988 

66.900 

1 6 • 1 76 
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2.258 

75.153 

67.033 

A 6 . 50 8 

1 3-929 

-21.241 

2.283 

75.153 

67.033 

16.506 

12.279 

-21.241 

2 .283 

75.479 

67.297 

17.182 

11.991 

-22.341 

2.325 

75.946 

6 7.660 

18.166 

1 1 .543 

-23.967 

2.381 

76.391 

68.049 

19.186 

11.072 

-25.570 

2.430 

76.815 

68. 406 

20.182 

10.577 

-27.155 

2 .473 

77.200 

68.733 

21 . « 26 

10.086 

-28.636 

2.508 

77.200 

68.711 

21 .126 

4.847 

— 2 8 . 6 3 6 

2 • 508 

77,220 

68.750 

21 .1 75 

•..832 

-28,703 

2.509 

77.608 

69.08 3 

22.165 

4.557 

-30.039 

2.525 

77.980 

69.406 

23.151 

4.273 

-31 . 366 

2.539 

70.318 

69.719 

24.133 

3.9841 

-32.681 

2.551 

78.681 

70.022 

25.112 

3.689 

-33.986 

2.561 

79.012 

70.316 

26.087 

3. 368 

-35.279 

2.5 70 

79. 131 

70.602 

2 1 .w59 

3.002 

36.561 

2.577 

79.638 

70.87V 

28.029 

2. 771 

37.834 

2.584 

79.936 

71.149 

28-995 

2.455 

•39.097 

2.589 

80.223 

71 .<.12 

29.958 

2.1 ^2 

-40.353 

2.594 

80.502 

71.668 

30.919 

1 *806 

-41.598 

2.597 

80. 1 U 

71.91 7 

31.877 

1.475 

-42.832 

2.600 

81 .033 

72.1bO 

32.832 

1 • 14.0 

-44.059 

2.602 

81.287 

7 2. 39 7 

33.785 

0.801 

-45.275 

2.604 

81.534 

72.628 

34.736 

0.457 

-•♦6.483 

2.605 

81.775 

72.8S3 

15.685 

0. 110 

-47.682 

2 .605 

82.008 

73.074 

36.631 

-0.242 

-48.875 

2 .605 

82.236 

T3.289 

37.576 

-0. 597 

-50.052 

2.604 

82.458 

73.500 

38.519 

-0.956 

-51 .227 

2.604 

62.674 

73.700 

39.460 

-1 . 319 

-52.390 

2 .602 

82.885 

73.908 

40.399 

-i at 

-53.548 

2 .601 

81.091 

74.105 

41.337 

-2.055 

-54.., 96 

2.599 

83.293 

74.299 

4 ' 273 

-2.430 

-55.- 37 

2.596 

83.490 

74.488 

4 j 08 

-2.808 

-56.966 

2.594 

83.682 

74.674 

44.142 

-3.191 

-58.093 

2.591 

83.843 

79.829 

44.938 

-3.522 

-59.043 

2.588 

83.843 

7V.829 

44.938 

-136.818 

-59.043 

2.588 

83.670 

74.856 

45.074 

-1 36.888 

-58.819 

2.571 

84.055 

75.034 

46.004 

-1 37.377 

-57.249 

2 .453 

84.235 

75.209 

46.934 

-1 37.d81 

-55.671 

2.340 

64.412 

75. 381 

47.863 

-1 38.400 

-54.088 

2.230 

eii.585 

75.550 

48.790 

-1 38.938 

-52.489 

2.124 

84.755 

75.716 

49.716 

' 1 39.494 

-50.884 

2.022 

84.922 

75.879 

SO. 641 

-140.070 

-49.265 

1.923 

85.066 

76.039 

51 .566 

-140.667 

-47 .637 

1 .826 

85.246 

76.196 

52.489 

-141.290 

-45.996 

1.733 

85.404 

76.351 

53.412 

-141.939 

-44.341 

1 .642 

85.559 

76.503 

54.334 

-142*618 

-42.678 

1.554 
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HAFNIUM MONOXIDE (HfO) 


(IDEAD MOLECULAR GAS) 


gfw = 194. 50 


AHfO = 19.360 kcal gfw ^ 
Ground-State Configuration ~ ^ir 

^298, 15 ■ ”0 = 


^f298, 15 = 996 kcal gfw“^ 

^298. 15 “ 57.736 cal deg gfw"^ 


State 

g 

E 

^e 

oJe xe 

**% Ye 

Be 

“e 

Ye * 10“^ 

Dg X 106 


2 

cm" ^ 
4003 

cm" ^ 
895 

cm“ ^ 

cm“ ^ 

cm" ^ 

0. 3792 

cm" ^ 

cm" ^ 

cm" ^ 


2 

2084 

895 

— 

— 

0. 3792 

--- 

— 

--- 


2 

0 

895 

— 

— 

0. 3792 

— 

--- 

--- 


Heat of Formation 


A preliminary value based on the work of Ackermann and Thorn^ has been 
used. 

Heat Capacity and Entropy 

Have been calculated using above spectroscopic constants.^* ^ 
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HAFNIUM DIOXIDE (HfO^) 


(CONDENSED PHASE) 


15 ' -266.060 kcal gfw“ 
Tt = 1973*K 
c: 3173*K 


gfw “ 210.50 

^298 IS ■ >®^^aldegK-* gfw“‘ 

r- 2.5 kcal gfw“^ 

Ah = 25.0 kcal gfw*^ 


^298. 15 


-Hq = 2.345 kcal gfv 


C’ = 17. 2346 + 2. 1628 x 10"^T-0 500 U) x lO^T-2 298. 15*K ^ 1973'’K 

^ cal clegK-l rIw‘^ 


Cp = 26.0 cal deg K’ ^ gfw”^ 
C* = 26.0 cal deg K"^ gfw“* 


1973*K S 3175*K 
3173"K < T < 6000'’K 


Structure 

Monoclinic from low temperature to 1973 ‘K; tetragonal above 1973 •K. 
Heat of Formation 

Heat -of-combufltion determination is by Humphrey. ^ 

Heat Capacity and Entropy 


Lx3w- tempe rature data are from Todd. ^ High-tempc r ature data of Orr^havt* 
been joined to Todd data to 1973 *K. Above 1973 “K, data from Pears et al^ have 
been used. Data above melting point have been i^stimated. 

Melting and Vaporization 

Transition and melting temperatures are from Curtis et al.*^ Heats of 
transition have been derived to be consistent with Orr^ and Pears et al.*^ Heat 
of fusion 18 estimated. 
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74.729 

7100 


14. 773 

P 7 ,794 

75.173 

7?-'^0 


14.789 

87.987 

79.697 

7 30^ 


1 4 . 799 

88.639 

76.240 

7 400 


14.803 

89,769 

76.770 

7 4 9S 


14.811 

69 • 844 

77.257 

74 99 


14.611 

89.844 

77,257 

7500 


14.811 

89,873 

77.282 

■ 7600 


14.616 

90.494 

77.770 

: 7700 


14.674 

91 ,014 

76.290 

1 7 A 0 0 


) 4. 6 30 

91 .993 

70.723 

1 7 900 


1 4.6 t9 

97.074 

79,174 

' 3000 


14.039 

97.677 

79.61 3 

; 31 00 


1 4.644 

93.063 

00.039 

j 3700 


14.847 

9 3 . 9 3 

00.45 3 

; 3300 


1 4. 691 

93 , 9<M 

90.097 

1 3400 


1 4.694 

94 .436 

01 .290 

1 3900 


14.897 

94.86*' 

01 .637 

* 3600 


1 4,699 

99.784 

87.006 

; 3700 


14.667 

99.691 

07.370 

; 3AO0 


1 4.664 

96.088 

07.776 

1 1900 


14.866 

96 ,43<. 

83,074 

. uono 


1 4.668 

96,090 

83.413 

i 4 100 


14.070 

97.717 

83.746 

i 4700 


14.871 

97.976 

84.071 

' 4300 


14.673 

97.976 

a4. 389 

1 4400 


14.874 

98 . 767 

84 . 700 

j 4900 


14.879 

98.607 

ft*'. 006 

1 4600 


14,877 

96 . 979 

09. 305 

1 4700 


14.078 

99 . 74 9 

09.598 

1 4fi00 


14.8 79 

99,967 

09,685 

1 4900 


14.880 

99.869 

86.168 

i 49B9 

.40 

14.681 

1 00 . 1 76 

86.409 

, 49B9 

.40 

14.881 

100.176 

06.405 

i 9000 


14.861 

100.169 

86,445 

1 9100 


14.687 

100.464 

86.717 

i 9700 


14.883 

100.793 

86 . 904 

! 9 300 


14.864 

101.036 

07.247 

: 9400 


1 4 .864 

101.319 

8 7.505 

: 9900 


14.869 

1 . t .986 

07. 758 

1 9600 


1 4.666 

101.896 

88,007 

9 700 


1 4.686 

107.120 

88.2**3 

! 9 800 


1 4.887 

1 07.378 

8 H . 49^- 

i 9900 


14.888 

107.633 

88.737 

1 6000 


14.888 

1 07 .88 3 

88.969 


I 


r'~ — 

_Kc..l ,c^w. _ 

■ 


’*1 “ 

\H, 


» Kp 

-2.767 

-69.257 

-69.257 

INF IMITF 

0.000 

-70.000 

-70.226 

51 .475 

0.021 

-70.004 

-■»0,227 

51.158 

1.225 

-70. 1 74 

-70.277 

38.396 

2.907 

-70.325 

-70.286 

30.721 

3.843 

-70.470 

-70.266 

25.593 

5.216 

-70.616 

-70.22? 

21.923 

6.614 

-70.774 

-70,153 

19.164 

8.031 

-70.947 

-70.065 

17.013 

9.461 

-71 . 1 38 

-69,956 

15.288 

10.902 

-71 . 345 

-69,029 

13.073 

12.350 

-71.571 

69.681 

12.690 

13.804 

-71 .819 

-69.514 

1 1 .686 

19.264 

-72.083 

-69.327 

10.822 

16. 727 

-72,367 

-69.119 

10.070 

18.194 

-72.672 

-60-894 

9.410 

19.663 

-72.997 

-66.648 

8.825 

21.135 

-73.342 

' 60.384 

8.303 

22.608 

-73. 709 

-68.098 

7.833 

24.084 

-74.095 

-67,790 

7.407 

24.971 

-74.227 

-67.684 

7.276 

24.971 

-75,877 

-67.684 

7.276 

25.960 

-76.1 54 

-67, 1 3 

7.015 

7 7.038 

-76.583 

-66.986 

6.654 

78.51 7 

-7 T.033 

-66.938 

6.322 

29.997 

-77.509 

-66.074 

6.017 

31 .404 

-77,974 

-69.611 

5.747 

31 . w;4 

-83.213 

-65.611 

9.747 

31 .478 

-83,226 

-65.575 

9.732 

32.959 

-83.477 

-64 * 865 

9.452 

34.442 

-83.732 

-64.146 

9.192 

35 .924 

-83,99? 

-63.414 

4.049 

37.408 

-84.756 

-62.675 

4,723 

38.091 

-84.575 

-61 .927 

4.911 

40. ■* 35 

-84,79ft 

-61 . 165 

4.312 

41 .860 

-85.075 

60.400 

4,125 

4 3. 34 5 

-89. 359 

>9,625 

3.949 

44 . -<30 

-85.640 

-50.841 

3.782 

46. 316 

-85.920 

-58.044 

3.624 

47.801 

-86-271 

-57.245 

3 .4.75 

49.207 

-86 .516 

-56.436 

3,333 

90.374 

-06.814 


3.199 

57.2f.O 

-87, 1 1 7 

-54. '^94 

3.070 

93.747 

-87.472 

-53.960 

2 .948 

95-234 

-07. 731 

-‘■^.124 

2.832 

56.721 

-80.044 

-52.272 

2.720 

90.208 

-00, 360 

-91 .419 

7,613 

96,695 

-60.681 

-90.940 

7.5I1 

61.183 

-8^.004 

-*.9.602 

7.413 

62*670 

-89. 333 

-40.091 

?.3l9 

64.158 

-89.666 

-47,’^ ■ 5 

2.226 

6 4b 

-90.009 

-47.02? 

2.141 

67. . 34 

-90.350 

-46. 1 22 

2.057 

68.409 

-90.651 

-49, 347 

1 .986 

60.405 

-723.947 

-45,347 

1 .986 

66.622 

-224.01 7 

-44.029 

1 .999 

70.110 

-224.468 

-41.236 

1 .767 

71.598 

-224.944 

-.37,639 

1.982 

73.087 

-275.440 

- 34.034 

1.403 

74.575 

-275.961 

-30.413 

1 .231 

76.063 

-226.907 

-26.781 

1 .064 

77.552 

- 2 2 7 , 0 0 3 

-23.130 

0.903 

79,041 

-227.692 

-19.402 

0.747 

00.529 

-228. 342 

-19.828 

0.996 

02.018 

-279.039 

-12.191 

0.450 

R 3.50 7 

-279 , 780 

-H.498 

0.308 
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HAFNIUM DIOXIDE (Hf02) 


(IDEAL MOLECULAR GAS) 


gfw * Z 10. SO 


AH’q = -69.257 kcal gfw" * 
Point Group D 


• H* 

298. 15 ' 0 


2. 767 kcal 


AH £298 15 " -70.000 kcal gfw“ ^ 
SJqs = 60.475 cal degK"^ 


Vibrational Levels and Multiplicitiee 

a> , cm“ ^ ii> • cm“ ^ 

857. 4 (1) 931, 1 (1) 

242. 8 (2) 

Bond lengths and angles: 

Hf-O distance = 1 . 74 A 


O-Hf-O angle = 180* 

Moments of inertia: 

I » 16.085 X 10“^^ gm cm^ o = 2 
= 0. 174 cm-^ 

Heat of Formation 

r^ascxl primarily on observations of Shchukarcv and Semenov^. 

Heat Capacity and Entropy 

Estimated structural data was used to calculate properties on polyatomic 
gas computer program. 

Reference 


1. Shchukarev, S. A. , and G. A. Semenov, Izv. V, IJ, Z. Khim. 1 Khim. Ickh. 
No. 5,845 (1962). 


HAFNIUM OI0XIOL (HfO^J (lOfAL HSLeCUtAft GAS) GFy • ?10.^0 

SUMMARY ^ uncertainty ESTlMATeS 




r ■! ' 'K 


- 




.j ■> 


79 S.IS 

± 1 .000 

± 3.000 

± 3.000 

± 0.000 * 1 5 000 

1000 

t 1 .000 

± A .210 

± 3.500 

± 0.702 

2000 

* 1,000 

* A ,903 

± 4.052 

± 1.702 

3000 

± 1.000 

± 5,309 

± 4.406 

± 2.702 

AOOO 

± 1 .000 

± 5.596 

± 4.671 

± 3.702 

5000 

t 1 .000 

± 5,020 

± 4.679 

± 4.702 

6000 

± 1 .000 

± 6 . 00 ? 

± 5.052 

± 5.702 





J AiiLJt. 1.16 


IRIOlUM 


statk 


RrUrenc. State for C.UcuIat.„g ^ ^ , 

liquid Ir from ^700' to 471 J'K r* *^P' ^ ^*'**"^ ' 

471^ K, Oaaeou. Ir from 471^" to 6000-K 


T 


.”K 


“K gtm 

-n '! 




>Cr.lV« 

\H. 



! 


0 

0.000 

296.1 5 

6.110 

300 

6.117 

400 

6.393 

500 

6.598 

600 

6.774 

700 

6.936 

800 

7.091 

900 

7.243 

1000 

7.391 

1 1 00 

7.536 

1 200 

7.685 

1 300 

7.830 

14 00 

7.974 

1 500 

8.1 18 

1600 

8 . 2 6 2 

1 7or 

8.406 

1 flor 

8.549 

1 900 

i • ‘ ^ 

2000 

P.835 

2 1 ro 

5.978 

220.' 

9.121 

?’\r>c 

9.263 

2 4 *’ 0 

9 • 40^ 

■» r 0 

. 5 4 J 

26'''0 

‘*.691 

2 7 0 0 

9 . 8 n 

270r"'‘ 

I 0 .ooc"' 

.'fire 

i 0.000 

•'90, ' 

k 0 . C 0 0 

‘oor 

; c.c^oo 


0.000 

iNF iNiTf 

8 . *« 9 7 

8.49 7 

8.515 

8 .498 

10.335 

8.740 

1 1 . 764 

9.208 

13.001 

9. 74 ^ 

1 4.060 

10.286 

14.996 

10.81 7 

15.840 

1 1 . 329 

16.611 

11.819 

1 7. 322 

1 2.207 

17.96 5 

12.715 

18.605 

M. 162 

1 ‘J. 191 

1 3.572 

1 9. 746 

1 3.966 

20.2 7*^ 

1 4 . 344 

20. 760 

14.708 

21 . 4 

15.058 

21 i0 

1 39 7 

22.1 bO 

14.725 

2 2 . 6 1 4 

1 6 . C *« 3 

2 1 . C J s 

16,151 

21.444 

1 6.65 1 

21.841 

16.942 

24.228 

1 7.226 

24 . fcO' 

17.502 

24.971 

i 7 . 7 7 2 

2 ’ . 2 7 3 

1 7,772~ 

27.637 

16.118 

27.988 

16.45 3 

28.128 

18.777 


-1 .274 
0.000 
0.011 
0.638 
1.288 

1 .956 
2.642 
3. J43 
4.060 
4 , 792 

5.539 
(.. 3A0 
■^.075 
7.866 
«.670 

9.489 
:0. 12 3 
11.170 
1 2.032 
12.909 

1 3.799 
14.7C4 
15.623 
16.557 
1 7.505 


18.467 

19,442 

25.652 

26.652 
2 7 . 6 5 2 

28.652 


11 or 

1 o.oor 

2 8 . 6 5 

1 9.090 

29.652 

' 2 *. r 

i c . 1 r (•> 

2 8 . s 7 2 

1 9, 39 3 

*0.6 . 

1 3* 0 

; ".ooc 

2 '5.28 0 

1 9.b8e 

31.652 

34kT 

10, '00 

2^.576 

19.974 

12.652 

<5 '.r 

1 r . noo 

2^1.068 

2 0.25 3 

33.652 

3 602 

1 o.oco 

30.1 50 

20.524 

14 .652 

3 7 0 0 

1 0.000 

1 0 . 4 2 .. 

20, 78 8 

35.652 

18 Ox 

: 0.000 

10.691 

2 1 .0^6 

36.652 

190 0 

1 t'.OoO 

‘O.'v^O 

21 .296 

3 7 . 6 S 2 

hOOL' 

: 0.000 

' i . 20h 

21.5^1 

18,652 

4 100 

1 i* . ■■>or 

1 1 . 4 ‘ 0 

21.779 

39.652 

4 200 

.0.000 

3 1.# ‘*2 

; 2 , 0 I 1 

40.652 

4300 

1 o.ooo 

il .92 7 

2 2. 2*. 0 

4] .652 

4 4 0 0 

; 0 . ooo 

32.157 

2 2 , <4 6 4 

4 2 . 6 5 2 

45110 

: 0,000 

3 2. J 8 1 

2 2 , 6 8 1 

4 3.65 2 

46C(. 

1 O.-'OO 

12.601 

22.8 i** 

44,652 

4 700 

i 0 .000 

1 2 . fl 1 f. 

2 1.10 1 

«. 5 , 6 5 2 

47J 1 .r * 

i 0.000 

^ V . 944 

2 1.1 V* 

45 -s0 

4 7 1 1 . 5 


’62.9/4 

■; 3. 1 ivi 

18 7. 3 

4 800 

7.567 

6 3 ... 2 

2 ' .86 3 

1 88.197 

4 900 

7. s 79 

61. 8 

.'4 , 6b 5 

I 89 , ; s<, 

5 000 

7.5 92 

f ' .42 1 

25,438 

18 9.91 1 

5 100 

7.6.^ 5 

63.572 

26.185 

190.r>72 

5 200 

7.618 

61,719 

2t . 905 

>9] .*.14 

5 3 00 

7.632 

61.86*- 

2 7 . < 0 2 

192,1 9b 

5 4 '■ r 

7 . 646 

64,007 

28.27^ 

1 92.9b0 

5 5 00 

7,661 

64-148 

2 f . 92 5 

191.725 

‘•600 

7 , b 7 6 

64,286 

2 • . ‘ ■' 

j 9<, . 4,9; 

5 700 

7.692 

64 .4 2? 

3 0 • 1 (, b 

1 9*^, 26’. 

5FOC 

7,708 

h4 • 55b 

' 0 . 7 *• 8 

196,031 

5 9 00 

7. 7 26 

6*. .68 8 

O . 112 

i 9< . tio; 

s '■’1 nn 

7.744 

64.818 

11 .889 

197,576 


is Sept.Mlibe I 1962 


2700‘K, 


•-Of Kp 


RCF 
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IRIDIUM (Ir) 


( R K F KR F:N C I - S 1 a T K ) 




O'^K to ^700^’K Crystal 

2700«Kto47ll SS^’K l.ic|.iui 

4711. S5”K to 6000‘*K Itle.il Monatoimt Cias 

- 0 kcal gfw"^ 

^*^s298. 15 000 Real * 

ZIOO^K 
47M.S5^'K 

^298. 15"*^0 ^ 

Cp = 5. ‘^97 » 1 . 422 X 1 O' ■ 0. 27fc 1 x lo'^T'^ t al dt-jj K' * kIw' * 

2'^8 IS'^K ^ 1 ^ ?700'"k 
C p - 10. 000 ral deg K- ^KInk' ^ 2700“K ^ T ^ 47 I 1 . SS‘'K 

Structure 

An fee (A I ) type ^ 

Heat o f Formation 

Zero by definition 
Heat C a pa city and Ent r<ipy 

See volume 1, this study (section IVAlO) It^r details. 


A '^1298 IS 0 kcal gfw’l 
sVqn 15 ^ ^ ‘ ^**** K'^gfw 

^Hm b. 210 Real glw' * 

141. 9t>0 Ri al gfw " * 


- 1 


Melting 

An average of three determination.^ adopted. 

Vaporiratior^ 

An extrapolation of AF^ of the ideal gas to zero adopterl 
Ref erence 

1. Ovi'ens, E, A and E L. Yales, Phil Mag 472 (1 9 5 i) 


IRlOlUM (Ir) iREFERENCt STATE! OFW ■ 192,2 

SUMMARY 0 F uncertainty ESTIMATES 




cm\ H flw 




T.'K 


V Ft 



- 

?98« 15 

*0.070 

40.040 

*0.040 


*0.000 

1000 

*0. 500 

40.390 

40.190 


*0.200 

2000 

± 1.000 

40.900 

*0.420 


*0.950 

2700 

fc 1.500 

*1.270 

*0.590 


*1.810 

2 700 

± 1 . 500 

4 1 .640 

*0.590 


*2.810 

3000 

ft] .130 

* 1.730 

*0.710 


*3.070 

4000 

* 3.1 30 

42.3*0 

* 1 .040 


*5.200 

471 1 ,55 

AA.560 

42.970 

*1.280 


*7.940 

4711.55 

aO.002 

*0.003 

*0.003 


*0.003 

5000 

^0.002 

*0.003 

*0.003 


*0.003 

6000 

*0.004 

*0.004 

*0.003 


*0.006 
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FA 1^/ 


IRIUIUM 


11^1 AL MONA'IOMIC' C^AS 


"VunlwM,* '*V 7 lm *'*« ^‘P‘ ‘VilKl Ir fr^*m 0' to 2700'K. 

1 ‘qu.H Ii fru,n 2700 to 4712-K. (mhcou. Ir from 4712* to f>000"K 


l."K 


r 


■ ■!-' 


K 


^11 , 


.-I Vf- 

Ml, 


* "I 


0 


0.000 

?'>fl . 

. 1 6 

6 . 66 9 

300 


6 . V69 

<.00 


6. *576 

•iOf 


6.007 

600 


6.076 

700 


6.180 

800 


6 . 3 U 

QOO 


6 . 666 

1 000 


6.677 

1 1 00 


. ^80 

1 7 00 


6 . « 3 3 

1 300 


6.079 

1 <.00 


6.216 

1 •vtiO 


6 , W, 0 

1 600 


6.666 

1 700 


6.6 60 

1 BOG 


6 . 6 *. 6 

1 000 


6.739 

7 000 


6.61*^ 

?1 or 


t. . H 8 3 

.’.•>00 


6 . 9 <4 /. 

0 3 f • 0 


6 • 9 6 9 

,’<.00 


7 . 0 6 H 

2‘.-'0 


7 . 9 3 



/. M3 

70 L 


/.MO 

.■’ 7 


7. 1 70‘ 

fl 0 ( 


;..’06 



/ . 7 •• ‘' 

> on . 


^.763 

3 I 


7 . 7 8 W 

< 7 0 C ' 


7 . < 1 3 

3 m' 


7.336 

uor 


7.367 

3S0( 


7.377 

3 60 0 


7 . 3 96 

3 7 00 


7.<.1 3 

3fiO0 


7.639 

3*500 


7 . <.<.6 

<.000 


7 , <. 6 1 

m r 0 


7 . <. 7 

<.700 


7 . <.89 

<♦300 


^.603 

<♦<.>''(•) 


7, 1 6 

<.6 00 


7 . S79 

*♦60 0 


7.6^1 

4.700 


7. 664. 

<.711, 

6 6 

7.666 

<.711. 

6 

7.666 

<.8 00 


7,66 7 

<.<50 0 


7.679 

6000 


7.697 

6 100 


7.606 

6 700 


7.6 18 

6300 


7.637 

64.00 


7 • 6 <1 6 

6 6 00 


7.661 

6600 


7.6 76 

6 700 


7.6<57 

6800 


7. 7rfl 

6 <500 


7.776 

6000 


7. <»<.<. 


o.ooo 

INf INI Tr 

66 . 7 <,? 

66 . 7/,7 

66.773 

6 6 « 2 6 2 

6 7 . 703 

66 . <. 3 ; 

68.016 

66.806 

6 * 5 . 7 36 

6 7..?1 9 

60.626 

67.636 

6 1 . ^ . 4 

68 . 06 / 

6 1 .869 

68.631 

6 7 . 6 4 . 3 

68.806 

62.986 

69.169 

6 3 . <.96 

69.600 

*■ <.976 

69.876 

6 <. . <4 3 7 

60.139 

6 <♦ . 1 6 6 

60.639 


6 6.2 7h 

6 0 . 77 *' 

6 6 . 1,77 

6 1 . 008 

‘- 6.060 

61.278 

‘ 6 . <4 1 7 

6 1.6 3 9 

•■'6 . 760 

‘ 1 . 79 1 

‘ 7.096 

‘ 7.0 36 

6 7 . <4 1 9 

67.773 

67.726 

6 7 .603 

68.076 

‘^ 7.777 

68.31 3 

‘ 7.966 

‘ 8 . * 7 

‘ 3.167 

' 8.867 

. 63.363 

*'8 . R67 

•■• 3 , 3^3 

* 9 . 1 2 » 

' ^.666 

‘ 9 . 3 M 

63.760 

‘ 9,677 

63.967 

• 9 . 86i 

66.138 

60.093 

*' 6,37 1 

60.318 

*. 6,699 

60,6 3 7 

6 6 . r . 7 6 

60,761 

*. 6 , H 6 <4 

60.969 

66,011 

6 1.167 

66.176 

6 1 . 360 

66 . 33S 

6 1 , ‘ 6 . 

6 6 . 69 .-' 

6 I , 76 / 

6 6 , ^ 4 . ^ 

6 1 ,'} 2 f - 

6 . 7 V 7 

67 .107 

66 . 94.9 

67.403 

6 6.0 vO 

6 ,’ .6 66 

6 6.233 

62.626 

66 . 373 

62 . ’90 

6 6.611 

67.963 

6 6 . 6 <• fj 

67 .9 /'] _ 

68.661 

67.971 

68.661 

6 3.117 

68.779 

63.768 

6 8 . *5 1 0 

63.671 

67.039 

63.677 

67.186 

63.719 

67.790 

63.866 

67.61 3 

66.007 

*' 7,63 3 

64 * . 1 6 « 

67.867 

66 . 786 

6 7 . 7 70 

6 ' .67 7 

67.886 

6 <* .666 

67,999 

66.688 

68,111 

66.818 

68.772 


-1 .4.81 

1 6 7. 793 

0.000 

1 68.000 

0.009 

167.998 

0. 60fc 

167. 860 

1.006 

16 7.717 

1.609 

1 6 7. 663 

2 .021 

1 6 7. 3 79 

2.668 

1 6 7 . 2 0 3 

3 .0h6 

1 6 7.026 

» .7>39 

J 6b. 84.7 

6.209 

1 68.870 

<4.79 6 

1 68.896 

6 . 398 

1 68. 321 

8.0 10 

166.1 66 

t .6 30 

J 6 6 . 9 7} 8 

7.278 

1 6 b . ; 8 

7 . 929 

1 66.60-* 

8 . 690 

16 6.6,-3 

9.269 

1 6 6 . 2 7 

9.93 7 

156.0/8 

i 0.822 

1 66,82 3 

11.316 

166.810 

12.011 

J 68 , '88 

12.713 

1 64, , I 8b 

1 M 620 

I 6 3 , 9 1 b 

16.1 32 

1 6 3.08 6 

J ^ L _ . 

J 6 3.60* . 

] <♦ . H<4 7 

187.196 

j 6 . 68fc 

1 <4 8 , 9 1 44 

1 6.780 

1 4. 8 . 8 3b 

] 7 . 0 1 2 

16b. 38<^ 

1 7. 760 

1 6 8 . 0 8 fl 

i 8.4.70 

I<46.H] 0 

19.203 

1 6 6 . * *. 1 

• 9 . -> ■» 7 

166.28* 

20.8/6 

1 6 6 , 0 7 2 

7 1... < 

166. /hi 

77. 16 3 

1 <.•♦ . 601 

; 7 . 896 

1 64. . 26 ■ 

2 3 . f , 1 9 

M3. 987 

76 . 38*^ 

163.733 

2 6 . 1 3 i 

I <4 3.u79 

76. 

M 3 . 2 7 8 

26.6/9 

i<*2.9 77 

77. 3fl0 

167.728 

78.137 

i<.5.<.80 

28,886 

1 <4 2 . 2 34. 

79.64.1 

1 <4 1 . 989 

79. 728 

161 .9b0 

79. 778 


'0.397 


<1 6 


M . '/I 3 


<7,6 77 


33.636 


36. 19b 


36 • 9b0 


<6 , 726 


'6.697 


'‘7.261 


38.031 


38.807 


39.576 



167.793 

INf INI T f 

16b. 766 

-107.663 

166.677 

-106.869 

1 82.92 1 

-78.085 

1 39.201 

-60.862 

1 3 , 8 1 6 

-69.359 

M 1 • H 6 6 

‘61.165 

) 20.220 

-35 .026 

126.600 

-30,258 

121.015 

-26.967 

1 17.66) 

-23.332 

1 1 3.882 

-20,760 

i 1 0 . .3 3 7 

- 1 8.668 

1 Ob . 80 6 

-16.672 

i 0 J , 2 9 1 

-16 .069 

99.786 

- 1 3.829 

96.290 

-12.378 

<2 . HOr 

-1 1 .267 

89.330 

- 10.275 

86,888 

-9.303 

82.616 

-8,677 

78.972 

-7.865 

76 . *^'.0 

-7.178 

7?. 116 

-6.667 

68.703 

-6 .006 

86.297 

.689 

_ 8 I . 90<4 . 

_ -'^.011 

8 1 . 9'^6 

-6.011 

68,761 

-6.585 

•^6.820 

-6.191 

'^2.675 

-^.023 

4*9. 361 

-3,679 

<» b . 2 <0 

-3.157 

4. 3 . 1 2 6 

“2.866 

-0.070 

-2.572 

< 8 . 9 i 2 

-2 . ’06 

33,867 

-2.055 

30.768 

-1,017 

2 7 . 7 0 2 

-1 .593 

7 9 . 6 3 h 

-1 .300 

21 .*^80 

-1.179 

1 8.s2h 

- 0 . 9 B 7 

1 *• . 6 8 b 

-0 , 806 

i 2 , <4 9 6 

“0.632 

9,6 1b 

- 0 .u60 

8 . 3 H 6 

■ 0.3 10 

' . 3 t . 7 

“0.160 

0.368 

- 0.016 

0 . 0 '> 0 

0,000 


Ir 


i 

j 


I 

I 


1 S Stj > to n > l ^«* r I 
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IRIDIUM (It) 


(IDEAL MONATOMIC GAS) 


gfw = 192. 2 


= 157. 793 Real gfw-1 


Ah °298 15 = 158. 000 Real gfw" ^ 


Ground State Configuration - ^ ®298 1 5 ~ K'*gfw'^ 


”298. 15-”0 = 8f«'' 


Electronic Levels and Multiplicities 


Energy levels from Moore. 


Heat of Formation 


Third-Law determination of the Panish and Reif data. 


Heat Capacity and Entroc 


Obtained from the monatomic gas-computer program. 

References 

1. Moore. C. . Nat. Bur. Stds. (U. S. ). Circ. 467, Vol. 3(1 May 1958). 

2. Panish. M. B. and L. Reif, J. Chem. Phys. 34. 1915(1961). 


JftlDlUM* MSNATSHIC (Ir) 


t IDEAL GAS) 


GFd • 192.2 


SUMMARY 0F UNCERTAINTY ESTIMATES 


_C«i ;; . ;; — 


296.15 

A 0.000 

* 0.002 

A 0.002 

A 0.000 

A 1 .000 

A 1 .010 

A 0.740 

1000 

A 0.000 

A 0.002 

A 0.00 3 

A 0.000 

A 1 .200 

A 1 . 1 VO 

A 0.260 

2000 

± 0.001 

A 0.003 

A 0.00 3 

A 0.001 

A 1 .9S0 

A 1 .8S0 

A 0.200 

2700 

A 0.001 

A 0.003 

A 0.00 3 

A 0.001 

A 2. BIO 

A 2.600 

AO. 210 

2700 

A 0.001 

A 0.003 

A 0.003 

A 0.001 

A 3. BIO 

A 2.600 

A 0.2 10 

3000 

A 0.001 

A 0.003 

A 0.003 

A 0.001 

A 4.0 70 

A 3. 140 

A 0.2 30 

4000 ^ 

A 0.001 

A O.OO’i 

A 0.00 3 

A 0.002 

A 6.200 

A S. 1 JO 

A 0.200 

A7l 1 .SS 

A 0.002 

A 0.003 

A 0.003 

A 0.00 3 

A B.940 

7.0SO 

*0.330 

4711 .SS 

A 0.002 

A 0.003 

A 0.003 

A 0.00 3 




5000 

A 0.002 

A 0.003 

A 0.003 

A 0.00 3 




SOOO 

A 0.004 

A 0.004 

A 0.00 3 

A 0.006 
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TAhl.F MH 


IRIDIUM MONOXIDE 


H>KAL MOI.Er ULAR f.As 


Rvferenre Stale for Cah ulatinu \n* at. 

lud Ir from 2700 * to 47 ia*K /* f*’onri 0 * to ^700 * K, 


IrO 


T.”K 


0 

298.15 

300 

<i00 

500 

600 

700 

800 

900 

1000 

1100 
1200 
1 300 
l<.00 
1500 

1600 

1 700 
1800 
1 900 
2000 

2100 

2200 

2 300 

24.00 
2500 

2600 

2700 

2700 

2800 

2900 

3000 

3 JOO 
3 2CO 
3300 

34.00 
3500 

3600 

3700 

3800 

3900 

4.000 

4.100 

4.200 

4.300 

^4.00 

4,500 

4.600 

4,700 

4.711 .55 

4,711 .55 

4,800 

4900 

5000 

5100 

5200 

5300 

54.00 
5500 

5600 

5700 

5800 

5900 

6000 


■ 



- 

% 

r«l/“K gi 


0.000 

0.000 

infinite 

7.623 

59.634 

59.634 

7.631 

59,68 ] 

59.634 

8.011 

61.931 

59,930 

8.2 70 

63.749 

60.524 

8.442 

65.272 

61.192 

8.558 

66.563 

61.871 

0 a 640 

67,731 

62.533 

8. 698 

68.753 

63.168 

6.742 

69.671 

63,77^ 

6.775 

70.506 

64. 348 

8.801 

71.271 

64.094 

8.821 

71 .976 

65,41 2 

8.837 

72.630 

65.904 

8.850 

73.241 

66.373 

8.861 

73.812 

66.821 

8.8 70 

74.350 

67.248 

8.878 

74.857 

67.657 

8.884 

75.337 

68.048 

8.890 

75.793 

68 • 424 

8.895 

76.227 

68.785 

“ 8 99 

76.541 

69.133 

8.903 

77.036 

69.468 

8.906 

77.415 

69.792 

8.909 

77.779 

70.104 

8.911 

78.126 

70,406 

8.914 

78.465 

70.698 

8.914 

78,465 

70,698 

8.916 

70, 709 

70,981 

8.917 

79. 2 

71 .256 

8.919 

79.404 

71.523 

8.921 

79.697 

71 .782 

8.922 

79,980 

72.033 

8.923 

80,254 

72./ f 8 

8-924 

80,521 

72.51 7 

8.9?5 

80, 700 

72.749 

8.926 

81 ,031 

72.976 

8.927 

81 ,276 

73.197 

8.928 

81,514 

73.41 3 

8.929 

81 . 746 

73.623 

0.929 

81 .972 

73,829 

0.930 

82.192 

74.030 

8.931 

82.407 

74.227 

8.931 

82.618 

74 , 420 

8.932 

82.823 

74.609 

8.932 

83.024 

74. 794 

8.933 

63.220 

74.975 

8.933 

03.412 

7 5.152 

8.933 

0 t .4 35 

75.173 

8.933 

83,435 

75.173 

8.933 

83.600 

75. 326 

8.934 

83.784 

75.497 

8.934 

83.965 

75.664 

8.934 

84.142 

75.029 

8.935 

84,315 

75.990 

8.935 

84.485 

76.149 

8.935 

84.652 

76# 305 

0.936 

84 ,616 

76.450 

8.916 

84.977 

76.609 

8.936 

65.136 

75.75 7 

6.936 

85,290 

76.903 

8.917 

F .444 

77.046 

8.937 

b*' . 594 

77.186 



-2.124 
0.000 
0.014 
0. 797 
1 .612 

2.448 

3.299 

4.159 

5.026 

S.B98 

6.774 

7.653 

8.534 

9.417 

10.301 

11.187 
12.073 
12.960 
1 3.849 
14.738 


1 06.394 
106.000 
105.996 
105. 798 
105.597 

105.387 
105.164 
104.924 
104.667 
1 04.392 

104.103 
103. 797 
103.474 
103.134 
102.779 

102.407 
102.019 
101.61 
101.193 
100. 756 


106.394 

98.059 
98.010 
95.376 
92.796 

90.256 

07.750 

85.280 

82.840 

00.429 

78.046 

75.691 

73.362 

71.059 
68.780 

66.524 

64.292 

62.084 

59.901 

57,740 


INFINITE 
-71 .876 
-71.397 
-52.1 10 
-40.559 

-32.874 

-27.396 

-23.296 

-20.115 

-17.577 

-15.506 
-13.785 
-12.333 
-11 .092 
- 10.021 

-9.086 

-8.265 

-7.538 

-6.890 

-6.309 


15.627 

100. 302 

55.601 

-5.706 

16.516 

99.831 

53.403 

-5.313 

17.40 7 

99.344 

51.388 

-4.883 

18.297 

98.840 

49.311 

-4 .490 

19.188 

98.320 

47,259 

-4,131 

20.079 

97.782 

<•5.226 

-3.801 

20.970 

97.229 

43.216 

-3.490 

20.970 

91.019 

43.216 

-3.498 

21 . >61 

90.439 

41 .457 

-3.236 

22.753 

89.857 

39,716 

-2.993 

23.645 

89.272 

37.997 

-2.760 

24.537 

88.686 

36.298 

-2.559 

25.429 

08.097 

34.619 

-2.364 

26.321 

8 7.507 

32.958 

-2.183 

2 7 , 2 1 4 

86.914 

31.314 

-2.013 

28.106 

86. 319 

29.688 

-1 .854 

28.999 

85.724 

20.076 

-1 .704 

29.891 

85. 125 

26.403 

-1 .564 

30. 784 

84.526 

24.906 

-1.432 

31 .677 

83.924 

23.349 

- 1 . 30a 

32.570 

83. 32 . 

2 1.802 

-1 .191 

33.463 

82. 716 

20.273 

-1.081 

34. 356 

82.1 09 

18.758 

-0.976 

35 . 249 

81.501 

17.257 

-0.877 

36.142 

80.890 

15.769 

-0.783 

37.035 

80.277 

14.294 

“0.694 

37.929 

79.663 

12.836 

-0.610 

38.022 

79.046 

11.394 

-0.530 

38.929 

78.974 

1 1 .232 

-0.521 

38.929 

-62 . 906 

1 1 .232 

-0.521 

39.71 5 

-63. 321 

1 2.628 

-0.575 

40-609 

-63.700 

1 4 . 1 1 

-0.634 

41.502 

-64.087 

15. -*35 

-0.691 

42 . 395 

-64.470 

17.408 

-0.746 

43.289 

-64 .876 

19.020 

-0.T99 

44.102 

-65.202 

20.64 1 

-0.851 

45,076 

-65.696 

22.262 

-0.901 

45.969 

-66.1 20 

2 3.899 

-0.950 

46.863 

“66.556 

25.436 

-0.997 

47.757 

-67.008 

27.192 

-1 .04 3 

40.650 

-67.477 

28.851 

-1 .087 

49 , S«.4 

-67,964 

30.521 

- 1 . 1 n 

■^0.4 3 7 

-68.478 

32.194 

-1.173 


15 Srptenihci 1962 
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IRIDIUM MONOXIDE (IrO) (IDEAL MOLECULAR GAS) 


gSw = 208. 2 


^ gfw* 

Ground State Degeneracy= 4 
«298.15-»0=2-124 kcal g£w-l 


Ah °298 15 ' 106. 000 kcal glvv** 
^298 15 ” ^ 


State 

g 

E 



^eVe 




DpXlO^ 

X 

4 

0. 0 

790 

--- 

--- 

0. 335 

■ 

--- 

— - 


Heat of Formation 

Data of Schafer and Heitland adopted in ronnpilation. 

Heat Capacity and Entropy 

Determined from using spectroscopic contants. See volume 1 , this study 
(section IVAlO. 4) for details. 

Reference 

1. Schafer, H. and H. J. Heitland, Z. Anorg. Allgem. Chem. U)4, ^ 

249 {I960). 
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tar lf: i4‘) 


MAr.NKSlUM 


K Kl KKKNCK STATE 


St. Hr l„r <wiki 4 l.it,,,,. \J|- \K« and koji K Solid Mjj from 0* to 9il"K, 

i»77*K. r'..<Hc-ou» hiii from M77* to 6000*K. 


- — ^ ^ 

S f» I ll'i - am, l“*Kp 


I 


1 

I 

i 


?98. IS 
TOO 
<.00 
soo 

600 

700 

eoo 

900 
923 
92 1 
1 000 

1 lOO 
1 ?0o 
1 300 
1376.3? 
1 376. 1 ? 
16 00 
1 SvTO 

1 6 0 0 
1 7C0 

1 flor 
: 900 
.’000 

.••loo 

.’2^0 

2 3 0( 
2600 
2 ‘00 


0.000 
S . 9 S 1 
S.967 
6.212 

6.6 90 

6.60A 

7.137 

7.6 70 
7.807 

7 . 8 a 

?. BOO 
7.800 

7.800 
7.800 
7.800 
7.800 
6 . ^^68 
6 . 968 
6 .968 

6.968 
6.968 
u , 96K 

6.968 

6 . 969 

6 . 969 

6. 9 7C 
6.972 
6.976 
6.978 


0.000 
7.800 
7.8 16 
9.687 
11.001 

12.212 

13.286 
16.261 
16.160 
1 6 .368 
1 7.662 

10.287 

19.030 
19.709 
20.333 
20 . 778 
6 1. K2 
63.188 
6 1.631 

6 1.861 
66.161 
6 , s 1 7 

66 . 706 
6 < 4 . 960 

66 .. 02 

66 .6 16 

6 ‘i , 6 6 6 
66 . 866 
..6 * 069 


INFINI Tf 
7.800 
7.800 
0.037 
8.692 

9.013 
9.660 
10.077 
10,^93 

10.709 

10.709 
1 1 .268 

1 I .960 

12.660 

13.136 

1 3.665 

1 3,666“ 

16.036 

16.990 

1 7. 721 
I 9.260 
20.669 
21.917 
23.062 

26.111 
26.076 
26.965 
26 . 790 
27.667 


-1.195 
0.000 
0.01 1 
0.7 20 
1 .256 


7*799 
0.679 
9.369 
9.960 
60.700 
60.814 
61 .31 1 

61 .008 
62.306 
62.001 
63.298 
63.796 

66.292 

66.709 
66.206 
65.703 
6 .201 


1.919 
2.616 
3. 36 7 
6.110 
6.291 
6.618 
7.019 


2fcr.c 
2 700 
2 000 

2 9fU'. 

3 0 0'' 


6,903 
6.98W 
6 . 998 
6.009 
. 0 2 3 


66 . 265 
6 6 .<•53 
66.616 
66.810 
66.980 


20.273 

26,963 

29.571 

30.163 

30.720 


66.779 
67.278 
67.777 
68.277 

60.779 


1 1 1'C 
1200 
noc 

3600 

i‘>rc 


5.060 

6.060 
5,005 
6,116 
5.168 


67.166 
6 7. 306 
67.661 
67.616 
67.762 


31 .268 
1 1 . 76 7 
12.220 
12.672 
13.100 


69.202 
69,787 
50.296 
50.006 
5 • . 3 I 7 


ifcCO 
3 7 00 
1600 
1900 
6000 


1 8< 
6 , 2 2 
S.2 78 
5 . 312 
5 .392 


67.900 
•.A .0*' 1 
68.191 
68,328 
6b .666 


33.510 
13.901 
16.275 
3 6 . b 1 6 

16.978 


51.836 

52.356 

52.000 

53.610 

53.966 


6 100 
6 200 
6100 

6600 

6500 


6.657 
6.628 
5.606 
‘ .6 86 
5.773 


68 . 5^8 
60.710 
68.861 
•.0 .991 
69,1 20 


15. 303 
36.626 
16.933 
36.228 
16.51 1 


56.689 

55,038 

55.596 

56.159 

56.712 


6600 

670<' 

6000 

6900 

5000 

5100 

520C 

5300 

5600 

5500 

5600 

57C0 

5000 

5900 

6000 


6 . 066 

69.260 

5 , 966 

6 9 , 3 7 ^ 

6.06 7 

69.502 

6.176 

69.628 

6.209 

69 . 766 

6 . 6 C 7 

69.079 

6.5 30 

50.005 

6.658 

*>0.1 u 

6.790 

50.256 

6.927 

50.:- 0 2 

7.069 

50.508 

7.215 

50,615 

7.366 

50. 761 

7.5 2? 

50.809 

7.602 

51.016 


16.788 57.316 
37.055 57.905 
17.313 50.507 
37.563 9.119 
37,006 59,762 

38.060 60.377 
38.270 61.026 
10,693 61.683 
30.709 62.355 
30.920 63.061 

39.126 63.761 
39.327 66.655 
39.522 65.10* 
39.715 65.929 
39.901 66.609 


iS Sepl*»’»brr 1V62 


RCF 


Mg 
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MAGNESIUM (Mg) 


(REFERENCE STATE) 


gfw s 24. 32 


O^K to 923°K 
923°K to 1376. 37^K 
1376. 37 OK to 6000°K 


Cryatal 

Liquid 

ld«ai Monatomic Gaa 


Ah^o = 0 kcal gfw‘l 


Ah 


• 296 


Tk = 1376. 37°K 


= 35. 340 kcal gfw 


-1 


^”f!298. 15 ' ° 

®298. 15 ^ “^ ^00 cal deg K'^gfw'^ 
Ah = 2. 127 kcal gfw" ^ 

m • 

Ah„ - 30. 740 kcal gfw" ^ 


” 298 . 15"”0 " 


-1 


Structure 


See Barriault et al^ for further details. 

Heat of Formation 

Zero by definition. 

Heat Capacity and Elntropy 

See Barriault £t for further details. 

Melting 

See Barriault ^ for further details. 

Vaporisation 

See Barriault ^t for further details. 

Reference 

1. Barriault. R. J. et al, Thermodynamics of Certain Refractory Com- 
pounds. Vol. 1. ASDTR 61-260, Pt. I (May 1962). 


HAGfurSlUM (Mg) 


(REFERCNCf STATE! 

suwtARr 0f uncertainty estimates 


GFW • 2A,32 




rml / "g gfv 




Z' e 

0 0 


0 

T.*K 

^-P 

Sj -(Ft - 

Hj„)/T 

”t - ”298 


298*15 

AO. 030 

AO. 030 

60.030 

AO. 000 

923 

*0.060 

6 0.060 

*0.020 

*0.040 

923 

*0.160 

AO. 090 

*0.020 

60.070 

1376.37 

A 0.600 

AO. 210 

6 0.070 

6 0.200 

1376.37 

A 0.000 

A 0.002 



2000 

e 0.000 

6 0.002 



3000 

A 0.001 

A 0.002 



4000 

A 0.002 

A 0.003 



5000 

A 0.002 

A 0.003 



6000 

A 0.002 

AO. 003 
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TABLE 150 


MAGNESIUM 


IDEAL MONATOMIC GAS 


Refurenre Starr for C-alruUtinK MfJ. ^F• and lx>g K . Solid Mg from 0* to 
Mg from to M77*K. Gaaroiis ftg from 1177- to 6000* 




_t.l/"K _ ^ Kf.l/*fw 


T."K 

r ’ 

% 




0 

0.000 

0.000 

infinite 

-1 .481 

36.064 

36.064 

298. 16 

4 . 960 

36 . 604 

36.604 

0.000 

36. 340 

27.080 

300 

4.968 

36.6 16 

36.604 

0.009 

36. 338 

27.029 

400 

4.968 

36.964 

16.699 

0.606 

36.226 

24.276 

600 

4.968 

38.073 

36.067 

1.003 

36.089 

21.663 


6 00 

4.968 

30.970 

700 

4 . '^68 

39. 744 

8C0 

4.968 

40.408 

900 

4,968 

40,993 

9? 3 

4.968 

41.118 

923 

4 • 968 

41.110 

lOOO 

4.968 

41.416 

1 100 

4 . 968 

4 1 . 990 

1200 

4.968 

42 .422 

1 300 

4 . 968 

42 .820 

1376.^7 

4.968 

4 1 . j 02 

1376.37 

4 . 96 8 

4 1 . 1 02 

1400 

4 . 96 8 

4 1 . 1 HH 

1 600 

4.968 

41.411 

1 600 

4.968 

43.841 

1 7 00 

4 . 9#^8 

44.143 

1 800 

4.968 

44 .4"' 7 

1 9''0 

4,968 

44 . 70‘ 

2 00^-. 

. "’9, 

44 . 9^ 0 

;-inc 

4 .96 9 

44.202 

7 2 r r) 

4 . 9 70 

44.414 

r’oo 

4 . / 7 2 

44.6 4 4 

2 4 0' 

4.974 

4 4 . 8 6 f> 

2600 

4.978 

46 . C69 

7 7,00 

4.983 

46.264 

7 70r 

4,98'} 

46,443 

2 8 00 

4,998 

46 "'4 

2 90'" 

‘ ,009 

46.810 

3 000 

4,^21 

46 . 980 

3 1^0 

4 . 0 4 0 

4 7 . 1 4 ^ 

3?0^ 

.''60 

4? . 

1300 

4 , 0 H ' 

4. 7,46 1 

3 40 0 

4.114 

47.614 

l*.or 

•-.148 

4 7 . 7 1< 2 

3 600 

6.186 

4 7 . 908 

3700 

•-.2 79 

4 P . 0 *> 1 

3800 

*' .278 

4 8, , TM 

3900 

. M2 

4M . *28 

4000 

4 . 3 92 

4H .464 

4100 

4.447 

48,690 

4200 

4.428 

40 . 7 10 

4300 

4 ./y^4 

4 8 . P 6 1 

44 00 

4,686 

46.991 

4600 

‘.773 

4 9. 120 

4600 

4.866 

4 '• .240 

4700 

« , 9< 4 

4 9,37*' 

4800 

6 . 0 6 7 

4 9.402 

4 900 

7i . 1 7 6 

4 9 , 2 P 

6000 

6 . 2 P 9 

49. 764 

6100 

6 200 

6,40 7 
6. 30 

49.879 

60.006 

630C 

6.6‘'8 

60.131 

6400 

6600 

6.790 
6.92 7 

60.246 
60. 382 

6600 

6700 

6800 

6900 

6000 

7.069 

7.21' 

7 . 166 

7 . 2 2 

7.682 

*^0.608 
60. 6 I*’’ 
60.761 
‘0.889 
61.016 


36.479 

1 .500 

34.921 

10.060 

16 . B92 

1 .996 

34. 720 

16.199 

37.291 

2.493 

34.486 

13.569 

37,671 

2.990 

14.220 

10.970 

37.765 

3.104 

34.153 

10.377 

3 7 . 76 6 

3.104' 

32.026' 

10.377 

38.029 

3.48 7 

31 . 008 

B.580 

38 . 168 

3.984 

31.525 

6.269 

18 .68 8 

4.481 

31 .242 

3,986 

38.991 

4.977 

30.958 

1 .726 

39.210 

5 * 360 

30. 740 

0.000 

' 19.210 

5.360 




3 9,278 

5.4 74 

19.660 

5.971 

39,809 

6.460 

40.066 

6.965 

40.291 

7.461 

40.61 7 

7.958 

4O . 7-'2 

8.455 

40.940 

8.952 

41.139 

9.449 

4 I , 33v3 

9.946 

41.516 

10.443 

41.693 

10.941 

4 1 ,865 

11. .39 

4 2 . 0 3 2 

1 1 .938 

42. 1 9"' 

12.437 

42. 349 

12.93 7 

42.500 

1 3.439 

42.648 

13.942 

42.791 

] 4 • 44 7 

*.2 . 9 10 

14.954 

43,966 

1 ‘ .'.44 

43.197 

15.977 

4 ^ . 326 

16. >•»!* 

43,462 

17.014 

4 1 . 7 6 

1 7 • 540 

4 1.695 

18.070 

4 ' . R 1 ^ 

18.606 

4^.92 8 

19.149 

44,040 

19.698 

44 , 1 6 j 

20.254 

44,260 

20.019 

44 • 166 

21.392 

4 4,471 

21 .974 

44.674 

22 .665 

4 4 . 6 

23.167 

44.775 

23.779 

44.873 

24.40? 

44.970 

25.037 

45,066 

25.684 

46.160 

26.34 3 

46,261 

27.016 

46. 146 

27.701 

46.437 

20.401 

46.627 

29.116 

46,616 

29.844 

45. 704 

30.609 

46 . 792 

31 .3h9 


IS Scj>lcmbfr 


Mg 

92 ^'K, 

K. 




INF INI Tt 
-19. 0419 
-19.690 
-13.263 
>9.420 

-6.069 
-6.0b7 
-3.707 
-2.664 
-2 .<»5»7 

-2 .4S7 

-1 .076 

-1 .246 
-0.726 
-0.290 
0.000 
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MAGNESIUM (Mg) 


(IDEAL MONATOMIC GAS) 


gfw - 24. 32 


Ah°q = 30.054 kcal gfw"^ AHf29g ^5 ^ 35. 340 kcal gfW ^ 

1 o 1 

Ground State Configuration = Sq ^298 15 " ^ 8 ^^ 

“ 298 . 15'”o " 

Electronic Levels and Multiplicities 
Energy levels from Moore. ^ 


-I 


Heat of Formation 

See Barriault £t ^ 

Heat Capacity and Entropy 

2 

See Barriault et al. 
References 


1. Moore. C. , NBS Circ. 467. Vol. 1 (15 June 1949). 

2. Barriault. R. J. et al, Thermodynamics of Certain Refractory Com 
pounds, ASD TR M-T60, Pt. I (May 1962). 


HAGNfSIUM, MSNATSMIC (Mk) (IDEAL GAS) 

SUMMARY ar uncertainty estimates 


GFW » 


T.^A 


s; -(F 


”T ■ ”798 

3H 

i 


1 Og 

2^8. IS 

* 0.000 

*0.002 

*0.000 

*0.000 

* 0. 

230 

* 0.260 

* 0. 190 






* . 

2 90 

* 0.2Y0 

* 0.060 






* . 

320 

* 0.270 

* 0.060 

1000 

1376.37 

t 0.000 

*0.002 

*0.002 

*0.000 

* • 

4 SO 

*0.350 

* 0.060 

2000 

± 0.000 

*0.002 

*0.003 

*0.001 





3000 

± 0.001 

*0.002 

*0,003 

*0.001 





AOOO 

± 0.002 

*0.003 

*0.003 

* 0 . 00 ; 





5000 

± 0.002 

*0.003 

*0.003 

*0.004 





6000 

± 0.007 

*0.003 

*0.003 

*0.-005 
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r AMLP: 


MAr,NP:siIJM OXIIJK 


<-ONr3P:NSEI) f^HASE 


IliffrreiKr Strttr for C ulc ulaiiri^; ^ H* \h* aiirt Eo^ K Solid Iron, ()• to 92 ? " K, 
Mk frcn <,i\- ,o I177*K. Oa.,ou. Ms'Vrom 1 (77- to -lOon'K, 

lO'WK. MkO frott, to 4000*K. 

^ — "K ^ _ Kf-I 'iifw ^ 

‘ “"T -'^1 H, Ml, In, 


INFI NI T{ 
6,^19 
6,i*i40 
6 . HO 7 


M . -^H 7 
3 

10.1^0 

10.970 

I I . 1 ^ 

II . I •'4 
M . 7 7 S 


-14/'. 703 
-141. 700 
-143. 701 
-14 M 704 
-1 43.l:70 

-I4l.5fl3 
-14 }. S 1 ? 

-141. 4-71 
-141.440 
-14 3.43/7 
- 1 4 t> . t)6 3 
-1 4^7. 


-14^.763 

-1 3‘>.9fl« 

- 1 i‘j.94 i 

- 1 3 3. IS 1 

-130.770 

- I 2 8 . 1 9 9 
-i2S.f>40 

- 1 P 3.090 
-1-70. S44 

- I 1 9, 9‘jS 
-119.94*, 
■ 1 1 7.824 


INFINlTf 

99.677 

99.028 

72.846 

47.147 

46.694 

39.224 

13.624 

29.271 

20.40? 

28.402 

24.749 


1 1 on 

1 200 

1 100 

1 1 76. W 
1176.17 
1400 

1 ? . 3 7‘, 

1 2 .4 7« 

’ 0 . P 1 7 

2 i . 9 1 M 

1 2 , 4*4 7 

1 1 . 2 P 1 

9.119 

1 0. 16.2 

-144,411 
- 1 4 4 . 4 74 

-114,044 
- 1 1 2.286 

22 .848 
20 . 449 

1 2 . 6 s 

22 . 92 1 

1 3 . ie 7 

11 .614 

“14 4,4 41 

-109.424 

18.412 

j 2 • 6 ■».’ 

1 ^.622 

1 2 . 7> 1 P 

? M <,4 4 
21.644 
■> 3 . H 4 •- 

1 4.6^4 

14.414 
i 4 .64 9 

12.484 

1 2 .484 

1 2 .73 74 

-144. 394 
-1 76.1 34 
-: 76.04P 

-10''. 401 
- 107.401 
-106.241 

1 7 .044 

1 7.044 
16.486 

1 4 ?0 

12. '01 

24 . 729 

: • . 1 

14.141 

-1 '4. 72 

-101.276 

14 .-'44 

1 6 OO 

12. 746 

2 S , 4 0 

14,916 

14.414 

-1 74. *8* 

-96. 124 

13.147 

1 7 O'”. 

1 ? . ftn<4 

26. 3 

1 6.40,*. 

1 6.692 

-1 74.046 

-91. 391 

1 1 .749 

1 f '>0 

1 2 . ‘J4‘. 

2 7.0">h 

17,072 

. 7.974 

-1 74 . 70 ' 

“86.481 

10.400 

1 90 0, 

. 882 

27. 744 

I 7 , 6 1 

19.26 1 

-1 74. 161 

-HI ,490 

9.384 

2^00 

1 2 . V 1 *, 

2 8.414 

1 H . I 19 

20.441 

-174.018 

-76.7 16 

0.383 


1 2 • ^4* 

2 'V , 0 4 7. 

1 H . »j4 4 

21.844 

-1 7 3.7^7*- 

-71, 860 

7,478 

1 *’ . 9 7 1 

2 9 . 64 ^ 

19.131 

21.140 

-1 71. 112 

-67.020 

6.668 

1 2 . 794 

J . 7. 

1 9 , 7, -1 i 

2 4.4 3 H 

-1 72,989 

-62.197 

^ .910 

21. '16 

’ 0 . 7 S 

2 J . 2 *, 6 

2 . 7 1 9 

-17/, 6,47. 

-47, jflu 

^?.?26 

1 3 . 0 1 «. 

1 1 . n ! 

2 , 4 9 4 

"7.042 

-! 72 . lO * 

-42.489 

4.697 

1 3. C , 4 2 

M . b2 3 

20.92 1 

28 . 34 6 

-i 71 .966 

-47.808 

4 ,016 

1 3 , 6 8 

<2 . 3 i f. 

2 1. 3 3 u 

2 / . 6 •' 2 

-1 71 .627 

- 4 3 . 0 4 C 

1,484 

1 ' .06 2 

12. 7/1 

2 1 . 7 3 4 

30 . 969 

-17 1. 290 

-38.284 

2.988 

i 1 . C '7 6 

3 3 . 2 ‘ 1 

2 2 . 1 2 4 

32 . 268 

-170.964 

-33.639 

2 . 6 2 7 

1 1 . 7 

3 3 , 6 . 

2 2.90 

3 3. 78 

- 1 70. 7.2 1 

- /’ d , 8 0 7 

2.099 

J » . 1 1 8 

14.116 

22.861 

<4.86 3 

-1 70. *00 

-24,1 78 

1 .716 

1 4.^^0 

4 0 . r u p 

22 . 86 3 

9 3 . 36 3' 

-111 .800 

-24.178 

1 . 706 

1 4 • <’ 0, t 

4 . 0 4 7 

22.8 74 

M . 19 2 

-161 . 70- 

-24 . ^^94 

1 .699 

i 4 . / 0 ■ 

4 0 . 6 > 

2 3,4 2 0 

6 4,06.. 

-161, 316 

- I 9 . 9 H 7 

1 . 16 4 

1 f 

4 1.01.'' 

2 1 . 91.6 

.'7. . 11 , 

- 1 60. H 46 

'16.891 

1 .062 

1 4 . 7.0 - 

4 2 •4 u 6 

2 4,4^ 4 

67.. 72 

-160. <731 

- 1 1 . rt 0 2 

0.769 

1 4 . 6 0 ^ 

4 1 . i 7^ 

'4 . .4 6 

6 9 , 

-1 A 9.'72 1 


0 .*481 

1 4 . 7.00 

4 2. 2 7. ■' 

2 ‘ . M 2 * 

6 C . 6 9 

- 1 49.467 

-*•676 

0 .221 

1 4 , 7, 0 

4 , 

2* .HR 2 

62 . 1 62 

-149.017 

O , 3 7, 7 

-0.022 

2 4 . 7, 

4 ■» . r 7, / 

."6 . 32 9 

<1.61 ' 

“1 4fi. 47 h 

••.399 

-0 .26 J 

1 4 . '.UC 

4 * , 4'. 

26. 764 

66.072 

*4H , 1 40 

S . 4 i 8 

.4 7,-> 

1 M . 61'" 

4 1.619 

27,186 

6 7. , 4 3 2 

-14 7. 712 

1 2 • 4 2 6 

-0,679 
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MAGNESIUM OXIDE (MgO) (CONDENSED PHASE) 


gfw = 40. 32 


15 " *^'*''* ^298. 15 = ‘*®8 K-*gfw 

Tni = 3098°K = 18. 5 kcal gfw'* 

**298. 15'**0 " *• gf'*'** 

Cp = 13. 7146 - 4. 494 x IO'St -MIST'* cal deg K'*gfw** 

298. 1 5°K ^ T 3098°K 

Cp = 14. 6 cal deg K’*gfw‘* 3098°K ^ T ^ 4000°K 

Structure 


An fee (NaCl) type. 

Heat of Formation 

Based on data of Holley and Huber. ^ 

Heat Capacity and Entropy 

Several sources available. Analysis by the Nat. F3ur. Stds. (U.S. used 
for low-and high- temperature data. The latter extrapolated to meltin>{ point 
from 1200®K. L»iquid Cp estimated. Heat of fusion estimated. 

References 


1. Holley, C. E. and E. J. Huber, J. Am. Chem. Soc. 7J^ ^‘>77 (P)S1). 

2. Nat, Bur. Stds. (U. S. ) Rept. 6484 (19S9). 

MAGNESIUM SXIOE (MgO) <CSN0€NSED PmaSE » GEM • A0.3^ 

SUMMARY 0f uncertainty ESTIMATES 




rm\t 





— 


* . . 

0 O /> A 


T.”K 

p 


-'fT - »m''T 


1 •tp 


290.15 

AO. 050 

A0.020 

AO. 020 

AO. 000 

4 0.500 

4 0.510 

0.370 

921 





4 .610 

4 0.580 

0.140 

921 





4 .640 

4 0.500 

0*140 

1000 

A 0.280 

a0,160 

40.080 

^0.000 




1176.17 





A .900 

4 0.760 

0.120 

1376.37 





*1.350 

4 0.760 

0*120 

2000 

A0.9A0 

A 0.390 

A0.180 

40.410 

A 1.560 

A i«000 

0*110 

3098 

A 1.760 

* 0.570 

aO.290 

aO.060 

A2.010 

A 1 .620 

0*110 

3098 

A 1 .000 

A 1 .050 

AO. 290 

*2.360 

A 3.510 

A 1.620 

0*110 

4000 

A 2.000 

A 1 .440 

A 0.500 

4 3.750 

A 4.900 

A 2.820 

0*150 

— - 

— 




- 
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TABLE ISZ 


MAGNESIUM OXIDE 


IDEAL MOLECULAR GAS 


MgO 


R«frrcinc« State for Calculatin|{ AH*, AK* 
LiquK^M^/rom^Zf M77*K. Ga.eoi(. Mr f 


, and Lok K : Solid Mu from 0* to 9Z3*IC 

p 

rorn 3177* to 6000* K; Gaaeoua O^ , Gaseoua Mf{0. 


r."K 


r.. «'• - --- — -v ^ '»'• ^ 

‘f H Af, Lo, Kp 


0 

?98. J ‘j 

0.000 

7.506 

n.ooo 

infinite 

-2.112 

-10.980 

-10.980 

I NF 1 Nl TE 

300 

7.514, 


52.891 

0.000 

-11.100 

-17.238 

12.635 

4»00 

7,912 


52.891 

0.016 

-11.106 

-1 7.2 76 

12.505 

AOO 


5 5, 156 

53.191 

0. 786 

-1 1 .296 

-19.305 

10.567 



56 . 955 

53.770 

1.593 

-1 1 .600 

-21 .286 

9.303 

ftOO 

8.625 

‘ fi .6 72 

56.630 

2.625 

-1 1.699 

-73.225 

0.459 


8 • 5 B 1 

59. 78 A 

55.103 

3.276 

-11 .936 

-25. 128 

7,065 


8. 6 98 

60,937 

55.762 

6.160 

-12.200 

-26.996 

7.375 


8.789 

61.967 

56.395 

5.015 

-12.695 

-20.827 

7.000 

9? 3 

8. HO 7 

6 2. 1 8 9 

56.537 

5.71 7 

-12.560 

-29.266 

6.926 

97 3 

8 • 807 

67 . 1 89 

56.537 

5.217 

-16,695 

-79,266 

6.926 

1 000 

8.66? 

62.897 

57,000 

5.a9 7 

- 1 6.936 

-30.669 

6.656 

1 1 00 

8.976 

63 . 74.6 

57.575 

6.707 

-15.265 

-31 .985 

6.355 

1 ?00 

8.9 77 

66.52 1 

58.122 

7.682 

-15.556 

-3 J.693 

6. lOO 

1 300 

9.073 

65 . 766 

58.662 

8.502 

-15.863 

-36.975 

5.000 

1376.37 

9.0 56 

65 . 766 

59.026 

9.278 

-16.100 

-36, 106 

5.730 

1376.37 

9.056 

65 . 766 

59.026 

9.270 

-66 . 860 

-36. 106 

5.7 30 

1 i.00 

9.066 

65.916 

59. 1 38 

9.686 

-66.866 

-35.922 

5.607 

1 3 00 

9.105 

66,561 

59.611 

10.395 

-66.869 

-35.161 

5.120 

16 00 

9.161 

67.130 

60.063 

1 1 . 307 

-66.892 

36.360 

6.693 

1 70r 

9.176 

6 7.686 

60,696 

1 2.223 

-66.915 

-33.576 

6.316 

1 flOO 

9.210 

6 8.711 

60.910 

1 3.162 

-66.936 

- 32.709 

3.981 

1 900 

9.26 3 

6P . 7 1 1 

6 1 . 30 a 

16.065 

-66.957 

- 37.005 

3.681 

.■’OOC 

9.275 

6 , . « u6 

6 1 .690 

16.991 

-66.978 

-31.718 

3.611 

: u 0 

9.306 

69 . 660 

62.059 

15.920 

-66.999 

-30.637 

3.167 

? ? ' 

9, 31R 

70.076 

62.616 

16.852 

-6 7. 020 

-79,663 

2.965 

?300 

9.369 

70,690 

62.757 

1 7.788 

-67. 0'39 

-28,855 

7.762 

pt,rr, 

9,601 

70,890 

63,088 

18. 726 

-67,059 

-20.066 

2.555 

7 5 00 

9,63'' 

’1 .776 

t>3,609 

19.668 

-67,079 

-27.276 

7.386 

?6''0' 

9,665 

7 1 .66 7 

63.719 

20.613 

-67.098 

-26,603 

2.226 

7 70 0 

9 , 6 9h 

77,006 

66.021 

21.561 

-67.118 

-25.695 

7.080 

2^0’’' 

9 . • 3 1 

72.353 

66 . 11 3 

22.512 

-67. 1 37 

-26.906 

1 .966 

?90--'- 

9 . 5 6 * 

72,689 

7.6 . 59 7 

23.667 

-67.156 

-26. Ill 

1.817 

3000 

9.600 

73.016 

66,876 

26.625 

-67,176 

-23.326 

1 .699 

309 8 

9 , C 3 *' 

73,326 

65.130 

25 . 360 

-67.195 

-22.569 

1 .591 

309^. 

9 , 6 3 ‘ 

73 . 376 

65.138 

25. 368 

-67.195 

-22.569 

1.591 

3100 

9 . 6 » 6 

7 3 . 3 3 ■> 

65,163 

25. 387 

-67.1 95 

22.528 

1.508 


9.6 7 1 

7 3 .64.1 

6 *^.60 5 

26. > 

-67.215 

?1 . 730 

1 .685 

3 300 

9.711 

73.961 

65.661 

27. 322 

-67.236 

- 0.950 

1 .367 

t^OC 

9 . 7 ‘ 0 

7 ^ , 2 3 3 

65.911 

28.295 

-67.258 

:0. 156 

1 .296 

3500 

9. 79] 

7,. . 5 1 P 

66.155 

29.272 

-67.281 

-19. 369 

1.209 

3 6 00 

9.8 33 

76 . 79 7 

66 . T9 3 

30.253 

-67, 306 

-18.575 

1.126 

3700 

9 . 8 76 

7 5.06 T 

66.626 

31 .230 

-67.331 

-17,786 

1 .051 

3eco 

y . 9 2 1 

75.335 

66.856 

32 .228 

-67. 360 

-16,996 

0.977 

3900 

9.967 

75,5 4 6 

67,070 

33,222 

-4.7. 390 

-16.207 

0.908 

6000 

I 0 . c 1 6 

75.852 

67,297 

36.221 

-67,623 

-15.610 

0.B62 

6 1 00 

1 C.C66 

76.10* 

6 7.511 

35.225 

-67.660 

-16.630 

0.700 

6700 

10.116 

76.369 

6 7. 72 2 

36.236 

-67.500 

13.863 

0.720 

6300 

10.15’ 

76.591 

67.979 

37.268 

- 4 . 7 . 566 

-1 3.052 

0.663 

6600 

1 0,220 

76.879 

68.132 

38.267 

-67.596 

-12.266 

0.609 

6500 

1 0.2 76 

77.063 

68 . 332 

39.292 

-6^.667 

-1 1 ,683 

0.558 

6600 

10. 3 37 

77.293 

68.528 

60. 322 

-67.707 

-10.695 

0.506 

6 TOO 

I 0. 391 

77.570 

6 8. 721 

61 . 359 

-67. 77? 

-9.9 '6 

0.661 

6fl00 

10.650 

7 7. 766 

68.911 

6" '-00 

—67 . 066 

-9. A..C 

0.615 

6900 

10.511 

77.965 

69.090 

63. ,8 

-6 7.927 

-8.3 36 

0.372 

5000 

10.573 

78,18? 

69.202 

66.502 

-60.016 

-7.565 

0.330 

5100 

10.637 

78,397 

69.666 

65. 56-3 

-60,115 

-6.770 

0.290 

57CC 

10.701 

78,610 

69.663 

66.629 

-60.276 

-5.978 

0.251 

5 300 

10.767 

78,820 

69.819 

67.702 

-68. 3^9 

—5.188 

0.216 

5600 

10.8 34, 

7 , ,0? 7 

69,993 

68, 782 

-60.605 

-6.606 

0.178 

5500 

10.901 

7'.?'? 

70.165 

69,868 

-60.637 

-3.617 

0.166 

5 600 

10,970 

79.636 

70. 335 

50.962 

-60.007 

-2.83? 

0.111 

5 700 

11.039 

7 4 , 7, 3 7 

70.503 

52.062 

-68,996 

-2.063 

0.070 

5800 

11.110 

79.836 

70.669 

5 3. 168 

- 4. 9 , 2 1 2 

- 1 .2 60 

0.067 

5 9 0 C 

11.181 

80.033 

70.03 • 

54,. 28 2 

-69.653 

—0.662 

0.017 

6000 

I U 7 5 7 

80. 22 9 

70.995 

55.60^ 

-69. 7?5 

0.326 

-0.012 




IS Drcernber 

1962 
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MAGNESIUM OXIDE (M^O) 

Ah^q = -10 980 kcal gfw-> 
Ground State Configuration = E 

*^ 298 . 15 ‘”o ^ gfw* 


(IDEAI, MOLECULAR GAS) gfw = 40. 

A ^^fi!98. 15' " 1 i • 1 on kcal gfw 

^ 298 . 1 5 ^ ^ 


cm" ^ 


State 

g 

E 

«e 



Be 

Ob 


n^.xio^’ 


3 

0 

902 

1 3. 0 

— 

0. 625 

0. 00‘‘ 


1 . 2 


3 

26863. 9 

817 

9. 5 

— 

0. 585 

0. 008 

— 

1. 2 

1 

X' L 

1 

19200. 

782. 84 

5. 15 


0. 571 1 

0. 00 5 

— 

1. 22 

Ab 

2 

22694. 4 

664. 4 

5. 91 

— 

0. 5056 

0. 004b 

— 

1 . 2 

1 

B E 

1 

39204. 7 

824. 1 

4. 76 

— 

0. 5822 

0. 004 5 

— 

1 . 2 


Heat of Formation 

Several values of the heat of dissociation of MgO had briMi reported. 

An intermediate value adopted. See valume 1, this study (section IVB12. 4) 
for details. 

Heat Capacity and Entropy 

1 

Calculated using above spectroscopic constants. Br«^wcr and Porter's 
analysis was given greatest weight. 

Reference 


1. Brewer, L. and R. Porter, J. Chem. Phys. 22, 1876 (1954). 


2-152 



table 153 


MAGNESIUM NITRIDE 


CONDENSED PHASE 


Mg^2 


Refarence State for Calculating ah,". AfJ . and Log K : Solid Mg from 0* to 923*K. 
Liquid Mg from 923* to I377'K, Gaaeoua Mg from 1377- to 6000*K. 

Gaaeoua N^; a . Mg^N, from 0“ to'¥23*K, fl - Mg3N2 from 823* 
to 1061'K. y - Mg3N2 from 1061* to 2S00"K 



^'77'“ 

— ,,, _ — 

-Kcml/nlw 



TC 

f > 

~p 


AH'/ 

Ar/ 



0 


a9e«i5 

26.986 

22.400 

22.400 

0*000 

-110*200 

-96.255 

70*554 


25.000 

22.555 

22.400 

0*046 

-110.200 

-96*169 

70*056 

460 

25.730 

29.847 

23.390 

2*58 3 

-110.187 

-91.494 

49*987 

560 

26*466 

35.667 

25.282 

5*192 

-110.183 

-86*822 

37*948 


27*190 

40.555 

27.431 

7*875 

-1 10*208 

-82*149 

29*921 

760 

27.920 

44.801 

29.615 

10*630 

-110*271 

-77*468 

24.185 

Ado 

28.656 

48.577 

31.754 

13*459 

-110.378 

-72.774 

19*880 

A?3 

26.818 

49.392 

32.235 

14*120 

-110*417 

-71.700 

19*0 39 

A?3 

29.666 

49.659 

‘32.235 

14*340 -110.197 

-71.700 

i9«039 

960 

29.660 

52.306 

33.841 

16.619 

-110.267 

-68*086 

16*533 

923 

29.660 

53.053 

34. 31 1 

17*300 

-110*307 

-67.011 

15.866 

923 

29.606 

53.053 

34.31 1 

17* 300 

-116*688 

-67*011 

15*866 

1000 

29.600 

55.425 

35.846 

19.579 

-1 16*808 

-62*862 

13*738 

1061 

29.600 

57.178 

37.02i 

21 • 384 

-116*912 

-59*596 

12 .275 

1661 

29.540 

57.423 

“37.023 

21*644 

-116*652 

-59*596 

12.275 

}166 

29.546 

58.489 

37.765 

22*796 

-116. 719 

-57*471 

11 .418 

1260 

29.546 

61 .060 

39.601 

25*750 

-116. 90u 

-52*074 

9.484 

i 360 

29.540 

63.424 

4 1 . 344 

26* 704 

-117.103 

-46*665 

7*845 

1377 

29.546 

65.124 

42.626 

30*9/9 

-117.263 

-42.507 

6*746 

1377 

29.546 

65 .124 

42.626 

30.979 

-209.483 

-42.507 

6*746 

U6O 

29.546 

65.613 

43.000 

31 .658 

-209.335 

-39.701 

6*197 

I56O 

d ^ 4 A 

6 7. u5 1 

44.576 

34*612 

-208. 701 

-27.609 

4.022 

I660 

29.546 

69*558 

46.079 

j7*566 

-208*074 

-15.558 

2* 125 

1 760 

29.540 

71.348 

47.51 3 

40*520 

-207.453 

-3*540 

0*455 

1 BOC 

29.540 

71.037 

48.884 

43*474 

-206*836 

8*441 

-1.025 

1 90O 

29.540 

74.634 

50.198 

46*428 

-206*226 

20.379 

-2 .344 

2000 

29.540 

76.14V 

51.458 

49*382 

-205*621 

32*286 

-3*528 

2160 

29.540 

77.591 

52.668 

52.^36 

-205*019 

44.168 

-4*596 

??60 

29.540 

78.965 

53.83 3 

55.290 

-204.421 

56*022 

-5.565 

2300 

29.540 

e0.27H 

54.954 

58*244 

-203.827 

67*647 

-6*447 

24OO 

29.540 

81.535 

56.036 

61*198 

-203.235 

79*646 

-7.252 

2560 

29. 540 

82. 741 

5 7.080 

64.152 

-202.649 

91.420 

-7*992 


I ** June 19C> i 
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RED 



MAGNESIUM NITRIDE <Mf3N2) (CC^DENSED PHASE) 


gfw « 100. 976 


AH/298. 15 * " * 2 A 0. 275 kcal gfw"* 

Ttr 

Tt2 -1061** 5*K 

Cp = 22. 81 > 7. 30 X lO-^T cal d«g K“ * gfw- * 
Cp * 29.60 cal deg K“* gfw"* 

Cp * 29.54 cal deg K"* gfw"* 

Structure 


^298. 15 ” 22.4 cal deg K"* gfw"* 
AHti= 0.220 kcal gfw"* 
kcal gfw* 

298. 15*K <T S 823*K 
823*K < T < 1061*K 
106I*K < T < 2500 ’K 


Low -temperature or a-phaae body-centered cubic D5-type; a = 9.95 kX 
(no cryetallographic data exiet for fi and y phaeee). 

Heat of Formation 

MitcheU'e* value of -110.2 ± 0.275 kcal gfw"* hae been ueed for these 
calculatlone. 

Heat Capacity and Entropy 

Mitchell's* value of 22.4 has been used for the entropy; also, his heat- 
capacity data have been used. 

Melting and Vaporisation 

Magnesium nitride decomposes on heating, and the data are conflicting; 
accordingly, the y phase has been extrapolated to 2500 *K. 


Reference 

1. Mitchell. O. W. , Ind. Eng. Chem. . 2027 (1949). 


MAGNCSIUM NITAIDC (MgaN^) ICONDENSED PkA^E) GEM • 100*976 

JF yHCL BTAiNTY 


H. 

r 


t.I/TC ff’- 




-Kc.|/|t( 

294*15 

a 

1.180 

a 

3.200 

a 

3.200 

a 

0.000 

^ 0- 

500 

a 

1*180 

a 

3*810 

a 

3*336 

a 

0*238 


823 

a 

1.180 

a 

6.398 

a 

3.666 

a 

0*619 


823 

a 

1.780 

a 

6*505 

a 

3.666 

a 

0.707 


1000 

a 

1.780 

a 

6.852 

a 

3.829 

a 

1*022 


1061 

a 

1*780 

a 

6.957 

a 

1.891 

a 

1*131 


1061 

a 

1.060 

a 

5.097 

a 

3.891 

a 

1.279 


1500 

a 

1.060 

a 

5.657 

a 

6.300 

a 

1 .736 


2000 

a 

1.060 

a 

5*756 

a 

6.628 

a 

2*256 


2500 

a 

1.060 

a 

5*988 

a 

6.878 

a 

2.776 
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TABLE 154 


MANGANESE 


REFERENCE STATE 


Mn 


Reference Stete for CelcuUtfnii AHp AF?, and Log K : Solid Mn from 0* to 1SI7*K, 
Liquid Mn from I S17“ to ?.JI VK. Gaaeoua Mn from ^^l 9* to 6000*K. 


T.-K 

C 

300 

400 

300 

600 
700 
BOO 
900 
990 
990 “ 
1000 


noo 
I poo 

1 300 
I 3 74_ 

1374 
1 400 
1410 
1410 
1300 

1M7 

1317 ' 

1600 
1 70f 
1800 
1 900 
?000 

2100 
2200 
2300 
231P.«C 
23ia."0 
.■’4 00 

2 3 00 

2600 

.’700 

2800 

2900 

3000 

3100 

3200 

3300 

3400 

3300 

3600 

3700 

3000 

3900 

4000 

4100 

4200 

4300 

4400 

4300 

4600 
4700 
4000 
4900 
3000 

3100 
3200 
3300 
3400 
3300 


3600 

3700 

3000 

3900 

6000 


f .■/’’K mtm 

ro 

, * 

’ a o 



-(Ft - H^)/ 

0.000 

0.000 

INFCNI TC 

6.290 

7.640 

7.640 

6.101 

7.679 

7.640 

6.82? 

9,bb7 

7.894 

7.244 

11.133 

8.390 

7.620 

12.490 

8.963 

7.993 

1 3.694 

9,334 

0.349 

14.783 

10.141 

8.700 

1 3 • 786 

10.713 

9.01? 

16.632 

11.213 

0.903 

"17,168 

11.213" 

0.990 

17.239 

1 1 .273 

9.036 

18.119 

1 1 .037 

9.122 

18.909 

12.412 

9.108 

19.642 

12.941 

9.237 

20.13? 

1 3.31 3 


> C 






.Kcal/gfw 


-1.194 
0.000 
0.012 
0.669 
1 .373 

2.117 
2.096 
3.713 
4 . 368 
_3.363 
3.696 
5.903 

6. BBS 
7.79 7 
0.712 
9.394 


"■" 10 . 700 “' 

2»-.332 

1 3.31 3 

9.94 3 

10.700 

■•'•.732 

13.432 

10.221 

10. 700 

20.029 

13.304 

10.320 

1 1.300 

21.130 

13.304 

10.764 

1 1 .300 

21 .037 

13.903 

11.781 

11.300 

21 .964 

14.072 

1 1 .973 

11.000 

’“ 24.272 

14,072 

13.473 

1 1,000 

24.637 

14.616 

16.306 

• 1 .000 

23.324 

13.230 

17.406 

1 1 .000 

26.133 

13.827 

18.386 

1 1 .000 

26. 740 

16.307 

19.606 

1 1 .000 

27.312 

16.919 

20.706 

1 1 .000 

2 7.849 

17.42 7 

21 .006 

I I .000 

28 . 360 

17.912 

22.906 

1 1 .000 

20.849 

10.377 

24.006 

1 1 .000 

20.919 

16.463 

24.295 

*.. 006 " 

‘ 31.688 

18.463 

77.048 

3.010 

31.861 

19.308 

77.434 

3.040 

32.066 

20.084 

77.936 


3.067 

3.101 

3.142 

3.193 

3.233 


32,264 

32.436 

32.642 

32,024 

33.001 


22.086 

23.200 

24.235 

23.230 

26.161 


76.462 

70.970 

79.402 

79.999 

00.321 


3 . 322 

33.174 

27.029 

61.030 

3.403 

33.344 

27,848 

61.386 

3 • 49 «i 

33.312 

26.624 

82.131 

3,390 

33.677 

29.338 

02.683 

3.713 

*. 3.041 

30.033 

83.231 

3.841 

3<,,004 

30.710 

63.826 

3.901 

34.166 

31.330 

84.419 

6.133 

34.327 

31 .932 

83.023 

6.297 

34.409 

32.528 

03.646 

6.473 

34.630 

33.079 

86.283 

6.661 

3 ‘. .01 3 

33.608 

06.941 

6 .639 

*•1 ,973 

34.114 

07.617 

7.068 

33.139 

34.601 

08. 31 3 

7.267 

33 • 304 

33.070 

69 .031 

7.^13 

33.471 

33 . 52 ? 

09 .771 


.731 

.993 

.244 

.300 

.739 


9.022 

9.286 

9.334 

9.021 

10.000 


10.332 

10.614 

10.873 

n.izT 

11.376 


33.636 

33,000 

33.979 

36.131 

36.323 

36.302 

36.679 

36.039 

37.040 
37.222 

37.407 

37.392 

37,779 

37.967 

36.136 


33.937 

36.377 

36.763 

37.178 

37.336 

37.927 
36.287 
36.636 
38.973 
39. 303 

39.627 

39.941 

40.246 

40.346 

40.837 


90.334 
91 .322 
92.134 
92.971 
93.834 

94.723 

93.630 

96.380 

97.349 

90.345 

99.367 
100.613 
101 .669 
102.709 
103.914 


Log Itp 
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MANGANtSE (Mn> 


(REFEHENCE STATE) 


Sfw S4 94 


0**K «.j l*il7‘'K Cry.lml 

ISI7*’K to 2U9"K Liquid 

2il9‘^'K to hOOO‘*K Ideal Monatoniu Gaa 


A 

»?o - 0 






IS - 0 

A 

”•298. 1 5 

b7. 000 kcal gfw 

- 1 

o 

‘''298. !■ 


7 640 ^al deg K’ ‘gfW ^ 

T. 

- 990‘^K 





Ah, ' 

0. 

Stl kcal gfw- * 

^t 

- 1 





Ah. 

0. 

S49 kcal gfw' * 


MIO^'K 





Ah, 

0. 

418 kcal gfw- > 


- 1S17®K 






- 1 

\ SOO kt al gfw ' ' 

Tb 

- 2U9«K 





Ah^ 

S2. /51 ktal gfw" * 

”298 ls”o 

) 194 

1 kcal gfw-> 






5 704 * : 

) 18U 

X 10 

- 't - 0 

t7S X 

10*’t-^ c 

al 

deg K " * gfw * 







298 IS® 


^ 14 ^ 990‘*K 

"P 

8 J30 ♦ 0 660 

X 10 

- 't ral 

deg K‘ 

* gfv,-» 


990‘^K r 


- 10 700 c; 

*l deg 

K' * 

gfw" ^ 


1 )74°K 

4 : 

T ^ 1410”K 


- 1 \ 100 c 

al deg 

K-‘ 

gfw- 1 


1410°K 


T ^ IS17"K 

^P 

-11. 000 ci 

al deg 

K-' 

gfw-‘ 


1 51 7°K 


r ^ 2119‘^K 


Struc ture 


Four modification* Room-«empr rature lorni ( a - Mn) Ka« h r t 


Heat of Formation 


Zero by definition 
Heat Capac i ty and Entropy 

Low>temperature data reported b> ceveral author* adopted. HvKl»-tem 
pcrature data ol Nailor^* ^ adopted and extrapolated to bdiiinR point 

Melti ng and Vapor laatio n 

Determination of Sully^ adopted. Heat ol vaporwaati-m < aU uiated. See 
volume I, thi* etudy (eection IV'AI )) for detaila 

Reference* 


I Naylor R F . J. Chem Phy* J_L t28 (1945) 

Z. Kelley K K . B F Naylor»and C H Shomate, U S Bur Mine*. 
Ter h Paper 688 (1948) 

1 Sully, A H . Mangane*e, Mi^ta ll urgy o f the Rare Metal* ). 
Butterworth*, "London <195S) 


MANGANC&E (Mn) 


(REFERENCE STATE) 
SUMHARY 9f uncertainty ESTIMATES 


GFld • 54. 9A 


t.*»k 

S 

4 

* 0 > 

-<Ft - H29g)/T 

”T- ”298 

29a*lS 

4 0.030 

*0.040 

* 0.040 

4 0*000 

990 

4 0*050 

40.070 

*0.050 

40*020 

990 

4 0*050 

4 0.150 

*0.050 

40*100 

1374 

40*100 

*0.180 

*0.080 

40.130 

1374 

4 0*200 

*0.230 

*0.080 

40.210 

1410 

4 0*300 

*0.240 

*0*090 

*0.220 

1410 

4 0*500 

4 0*290 

*0.090 

*0.280 

1517 

4 0*500 

4 0*320 

*0.100 

*0*330 

1517 

4 0*500 

40.650 

40*100 

*0*830 

2000 

4 1*810 

4 0.950 

*0.270 

4 1*350 

2318*80 

4 2*310 

* 1.230 

* 0*380 

*1*980 

2318*80 

4 0*000 

*0.003 

*0.003 

* 0*000 

3000 

*0*000 

*0.003 

*0*003 

*0*001 

4000 

*0*001 

*0.003 

40*003 

*0.001 

5000 

* 0*002 

*0.003 

4 0*003 

*0.002 

5000 

*0*003 

*0.003 

4 0*003 

4 0*006 
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TA1\ LK IS'. 


manganese 


ideal monatomic gas 


m: f/riVw? r - — • 

to 2319 K, GaseouM Mn from 2319* to 6000* K. 


Mn 


T.'’K 

— 

c«l/'’|C 1 

:fw 

* p 


-<fT - 

0 

290.1 5 

300 

400 

500 

0.000 

4.968 

4.968 

4.968 

4.968 

0.000 
41 .494 

41.525 
42.954 
44.06 i 

iNriNiTe 

4 1 . 494 

4 1 .494 
41 .689 
42.057 

600 

700 

0 On 

900 

990 

4.968 

4.968 

44.968 
45 , 734 

42.469 

52.882 

4.968 

46.398 

53.281 

4.968 

4.960 

46.983 

47.457 

53.660 

53.985 

990 

loon 

4.968" 

4.960 

4 7,457 
47.506 

' 5 j,985 
54.019 

1100 

4.968 

47.980 

54.358 

1 200 

4.968 

48.412 

44.678 

1 300 

4.968 

48.810 

44.901 

1 3 74 

4 . 968 

49.085 

45,195 

1 3 74 

4.960 

49.085 

45.1 95" 

1 400 

4.968 

49 . 1 78 

45,268 

1410 

4.960 

4 9.213 

45.295 

1410 

4.968 

4 9.213 

55,295 

1 5 00 

4.968 

49.521 

55.540 

1M7 

4.968 

‘49,577 

45.586 

15 17 

“ 4,960 

4 9.577 

45.586 

1 600 

4 , 969 

<49.84] 

45.799 

1 7 0'j 

4,969 

50.143 

46. 046 

1 800 

4.971 

'0.427 

46.281 

1 900 

4,973 

50.6V5 

46.507 

2 000 

4.977 

50.951 

46.722 

2100 

4 . 982 

51.194 

46.930 

2 200 

4 , 991 

51 .426 

47,129 

2 3 00 

5.002 

51 .646 

47, 320 

2318.60 

5.00*' 

51 .65? 

65.529 

2318.60 

‘ .00 5 

51 .652 

" 65.529' 

.•’4 0C 

5.018 

51 .861 

47.505 

25IJ ■! 

0.0 40 

52.066 

47.684 

2 60" 

5,067 

5* .264 

47,056 

2 70 0 

5.101 

5. .456 

48,023 

2800 

5.142 

52.642 

48.184 

290'' 

5.193 

52.824 

48. 341 

3000 

' . 253 

53,001 

48.494 

31 00 

5,322 

53.174 

48.642 

3200 

5.40 3 

53 . 344 

40 , 786 

3300 

5 . 495 

53.512 

48.927 

3400 

5.5 98 

53.677 

49.064 

3500 

5.713 

53.841 

49.196 

3600 

5.841 

54 • 004 

49. 330 

3700 

5.901 

54 • 1 66 

49,458 

3800 

6.133 

54,327 

49.584 

3900 

6.297 

54.489 

49.708 

4000 

6.473 

54.650 

49.079 

4100 

6.661 

54.613 

49.949 

4200 

6 .059 

54.975 

50.067 

4300 

7.068 

55, 1 ^9 

50.183 

4400 

7.287 

55 , 304 

50.297 

4500 

7.515 

55.471 

50.410 

4600 

7.751 

55.638 

50.522 

4700 

7.995 

55.808 

50.633 

4000 

8.244 

55,979 

50.742 

4900 

8.500 

56.151 

50.851 

5000 

8.759 

56.325 

50,959 

5100 

9.022 

56.502 

51.066 

5200 

9.288 

56.679 

51.172 

5300 

9.554 

56.850 

51 .278 

5400 

9.821 

57.040 

51 . 38 3 

5500 

10.088 

57.222 

51.487 

5600 

10.352 

5 7.407 

51.591 

5700 

10.614 

57.592 

51.695 

5600 

10.873 

57.779 

51.798 

5900 

11.127 

57.967 

51.901 

6000 

11.376 

58.156 

52.004 






O o 

“t - ”29H 

A M j’ 



-1 .401 

66.713 

66.713 

j nf 1 Ni re 

0.000 

67.000 

56.907 

-41 .712 

0.009 

66.997 

56 . 844 

-41 .409 

0.506 

66.837 

53.482 

-29.220 

1.003 

66.630 

50.167 

-21 .927 

1.500 

66. 383 

46.896 

-17,081 

1 .996 

66.098 

43.670 

-13.634 

2.493 

65.778 

40.488 

-11 .060 

2.990 

65.422 

37.348 

-9,060 

3.437 

65.072 

34.556 

-7,620 

3.437 

64.541 

34.556" 

-7 ,628 

3.467 

64,502 

34.254 

-7,486 

3.984 

64.096 

31.249 

-6.208 

4.401 

63.684 

28.281 

-5.150 

4.977 

63.265 

25.348 

-4.261 

5.345 

62.951 

23.197 

-3.690 

'5.345 

62.402" 

23.197 

-3.690 

5.474 

62.253 

22.458 

-3.506 

5.524 

62. > 96 

22.175 

-3.437 

5.524 

6 . 760 

22.175 

-3.437 

5.971 

6j . 1 90 

19.664 

-2.065 

6.055 

61 .082 

19.193 

-2.765 

^ 6. 055 

5 7.582 

19.193 

' -2 . 765 

6.468 

57.082 

17.107 

-2.337 

6.965 

56.479 

14.626 

-i.eeo ! 

7.462 

55.876 

12.163 

-1.479 

7.959 

55.273 

9.772 

-1.124 ! 

8.456 

54.670 

7.394 

-0.808 

0.954 

54,068 

5,044 

-0.525 

9.453 

53,467 

2.723 

-0.270 

9.953 

52.867 

0.43 1 

-0.041 ^ 

1 7. 753 

52.753 

c.ono 

0.000 * 


1 7.7^3 
1 0 • 4S4 

IO. 9S6 

1 1 *<162 
1 1 .970 

IP. 482 
12.999 
13.521 

14.050 

14.586 

15.131 

15.685 

16.251 

16.028 

17.419 

18.025 

18.646 

19.285 

19.941 

20.617 

21.313 

22.031 

22.771 

23.534 
24.322 
25.1 34 
25.971 
26.834 

27.723 
28.638 
29.580 
30.549 
31 .54.5 

32.567 
33.61 5 
34 .669 
35.789 
36.914 


1 5. December -JL9iuL 


.RCJEL 
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MANGANESE (Mn) 


(IDEAL MONATOMIC GAS) 


gfw = 54. 94 


Ah®q = 66 . 713 kcal 15 = 67.000 kcal gfw'* 

Ground State Configuration = 52 ^ ^298 15 ~ 41.494 cal deg K*^gfw“^ 

”298. 15‘”o " 

Electronic Levels and Multiplicities 

Spectroscopic energy levels from Moore. ^ 

Heat of Formation 

An average i^^H 29 g 15 determined from three calculations. 

See volume 1, this study (section IVA13) for details. 

Heat Capacity and Entropy 

Calculated on monatomic -gas computer program. 

Reference 

1. Moore, C. . Nat. Bur. Stds. (U. S. )Circ. 467, Vol. II (August 1952). 


MANGANCSEt MSSATSMIC (Mn) I IDEAL GAS) 




SUHWAST Sf UNCERTAISTV CSTlMATgS 



t 

e 

*K «f« 

o e 


Kc*l/|fv- — 


T.*K 

S 

St 

- *^29« 

)/T Hj - H29* 

\h; 

\F, 

298*18 

*0*000 

*0.002 

*0*002 

* 0.000 

* 0* 900 

*0.310 

990 





* « 920 

*0.390 

990 





* .400 

*0*990 

1000 

*0.000 

*0.002 

*0.002 

* 0.000 



197* 





* .4 90 

* 0.410 

197* 





* *910 

* 0*410 

1*10 





* .920 

* 0*490 

1*10 





* * 980 

*0*490 

1917 





* *490 

*0*490 

1917 





* 1 * 1 90 

*0«490 

2000 

* 0.000 

*0.002 

*0*009 

* 0.000 

* 1*490 

* 0*640 

2918*80 





* 2*260 

* 1*180 

9000 

* 0.000 

*0.002 

*0*003 

* 0*001 



*000 

* 0*001 

*0.009 

*0.009 

« 0*001 



9000 

* 0*002 

*0.009 

*0*009 

*0*002 



8000 

* 0*001 

*0.009 

*0.009 

* 0*004 
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TABI.K IS6 


manganf:se gxidk 


IDEAL MOLECULAR C.A5 


-"'“-'kV .S„l,d M„ from 0- ,o 
L.quuJ M„ from \^IT to lUO^K. G..bcouh Mn from 2 3 19* to ftOfKj-K. 
CaBeoas O^; Gam-ous MriO 


r."K 

0 

1 f, 

300 

400 

500 

600 

700 

BOO 

900 

9Q0 

990 

1000 

I 100 
1 200 
1 300 
I 3 74 
1 3 74 
I 400 

14 10 
1410 
1 5 00 

1517 

15 1' 

1 600 
1 70C 
I BOO 
1 90 C 
?000 


1 Oo 

2 300 
r 3 1 B . f‘>' 
P 3 1 P . M 

?4or 

?5cr 


2 6 00 

?TC<r 

?&oc 

?90C‘ 
300 C 


3J-.0 
3 700 
13 00 
1400 
15 00 

160 0 
3 7C0 

1 fl 0, 0, 
1900 
400f' 


4 1 no 
4200 
4 300 
4400 
4S00 


4600 
<.700 
4800 
4900 
5 000 

5 100 
5200 
5300 
5400 
5500 

5600 
5 700 
5B00 
5 900 
6000 


•!/ "K 

f O 


> 


5, a 

f , - M^)/7 

0,000 

0.000 

INF 1 N| Tf 

7.569 

55.616 

55.616 

7.577 

55 .663 

55.616 

7.968 

5 7 .0 99 

55.910 

0.247 

59. 709 

56.501 

H . 4 3 9 

61.211 

5 7,166 

8.5 73 

62.54? 

5 7.84 3 

H . 6 7 1 

63.694 

58.50 3 

B • 744 

64 . 71 9 

59.138 

8.795 

65.554 

5 .<.68 3 

8 .795 

6 5 . 5 5 

59.683 

8,001 

6 5 .644 

59. 74 3 

8 . 046 

66,4 8'’ 

60.318 

R .884 

67 .256 

60 , 865 

0.915 

67.960 

61 , 384 

h.9 

60.461 

61.751 

0.936 

6 0 . 4 M 

61.751 

0.94 3 

68,630 

61 .878 

8.943 

68.694 

61.92 7 

8. 9<4 5 


61.927 

8.967 

69.248 

62.34 9 

8.971 

69 , 348 

62.476 

8.9/1 

69. 348 

67,476 

8 .908 

69.82 7 

*.? , 799 

9.008 

■70 ,3 7 J 

6 3.279 

9.0 26 

70,808 

6 3.6 40 

1* . n<« 3 

7 J . ‘ 7 7 

64.035 

9 , rt 5 9 

71.041 

64,41 4 

9.0 75 

72.284 

64,778 

9.0 90 

72. 707 

65.179 

9.1 05 

<,.111 

65.46^ 

9 . 1 0 (3 

7 ' . 1 55 

65,529 

9.10 M 

<..185 

65,529 

9.11 9 

7 : ,499 

65,794 

9 . ) 3 /. 

/ •. , P 7 2 

66.110 

9.149 

<*..231 

66.416 

9.164 

( 4 . 5 7 <> 

66.712 

9.17^ 

.4.9J 0 

66 » 999 

4 , 1 

^5,234 

6 7,2 70 

9 . 2 1 1 

75 . 545 

6 7.54 9 

9.72" 

75.849 

67.817 

9.2 46 

76.147 

68,068 

9 . 7 6 4 

7^,42^ 

68,317 

9.202 

76 . 704 

60.660 

9 . 3 2 

7 6.9/4 

6 " . 7 7 

V. ir: 

7 / , 2 3 7 

6 9.22 r 

9.343 

7 7 , 4 -< 4 

6 9.2 5 li 

9, 364 

7 ; . 74 •» 

6 9,47*? 

9.307 

77,987 

6 9.671 

9 . M 1 0 

70 . 726 

69, 9.3 2 

9 . 4. 3 1 

7h . 459 

70.107 

9 . 4. 5 « 

70.686 

70. 31 ] 

9,403 

7 0.91 1 

70.5^9 

9,5 09 

7 9.1 •‘0 

70. 7<3 3 

9, 5 t5 

79,34' 

70,0 9.. 

9,562 

7 9.556 

71 .00] 

V , 5 9 

79. 763 

7 1 ,264 

9 . 6 1 R 

79.96 7 

71,44' 

9.64 7 

00.166 

71 .622 

9.677 

80.36 4 

71 • 796 

9. 70 7 

P,0.5'6 

71 .967 

9. 730 

00. 746 

72.1 35 

9 , 7 6'*' 

6 0 .934 

72, 301 

9.001 

01 . 1 1 H 

7,'’. 464 

9.033 

0 j . 300 

72.624 

9 . R 6 5 

01.479 

72.702 

9.0 99 

b 1 . (.56 

72.930 

9.937 

81 .830 

73.091 

9.966 

02.00? 

7 3.24 3 

1 0.001 

82.1 7? 

73, 30? 



— Kf ml/ulw. 


^ 

A H ,' 

a 7^ 

-2.110 

31 .000 

31 .000 

0.000 

30.600 

23.602 

0.014 

30.595 

23.558 

0. 79? 

30. 361 

21.267 

1 .604 

30. 104 

18.990 

2.439 

29.81 7 

16.803 

3.290 

29 • 499 

14,658 

4.152 

29. 166 

12.563 

5.023 

28. 755 

10.512 

5.812 

20.3 75 

8.706 

5.812 

27.866 

8.706 

5.900 

27.801 

8.513 

6.783 

27,36? 

6,606 

7.669 

26.915 

4.738 

8.559 

26.461 

2.909 

9.220 

26. 1 22 

1.578 

9.2 20 

25.573 

1 .570 

9.452 

25,al4 

1.126 

9.54 2 

2 . 353 

0.95 1 

9.542 

24.917 

C.951 

10.348 

24.^16 

-0.559 

10.501 

74.201 

-0.838 

10.501 

20. 701 

-0.838 

1 1 .246 

20. 169 

-2.006 

12.145 

19.527 

-3.373 

1 3.04 7 

18.884 

-4.701 

1 3,95 1 

18.241 

-5.993 

14.856 

1 7.596 

-7.25? 

1 5 . 762 

16,969 

-0.470 

i (. . 6 7 1 

16. 303 

-9,674 

1 7.580 

15.653 

-10.840 

17.753 

15.530 

-11.057 

17,753 

-37.223 

-1 1.057 

18.491 

-37.265 

-10.144 

19.404 

-37.310 

-9.011 

20.318 

-37. J 76 

- 7.B81 

21 .234 

-37. ,36 

- 6 • 76 5 

22.151 


.610 

2 3.0 70 

-37. ^ ' 

-6.660 

23.990 

-37.6 ' 

- 3. 326 

24.91 2 

-37,738 

-2.181 

25.836 

-3 < .831 

-1 .037 

26. 76 1 

-37. 9 36 

0.110 

27 , ',89 

-38.065 

1.270 

20.610 

-38.169 

2.627 

29.549 

-30.304 

3.506 

30.402 

- 30.452 

4 . 7«,8 

31.418 

- 3 0 . 4 ' 5 

5.917 

32.355 

-38. 793 

7.009 

33.295 

-30. 98P 

0.266 

34,237 

3 0 ^00 

9.456 

35.182 

-39.4 31 

10,633 

36.129 

-39.682 

i 1 .826 

37.0 79 

-39.956 

. 3.026 

38.031 

-60.267 

14,229 

38.987 

-40.562 

15.438 

39.9^5 

-•.0.903 

16.655 

h0.90^ 

-4l .260 

1 7,082 

41 .869 

-41.650 

19.112 

4 2.8 36 

-42.0 76 

20.345 

43.006 

-6 2.510 

21 .500 

44. 7 79 

-62,990 

22.052 

45.745 

-63,69? 

24.115 

46.7 

-66.027 

25.389 

47.71 7 

-66.59? 

26.676 

40.703 

-65.1 9? 

27.971 

49.692 

-45,027 

2 9 , 2 7 8 

50 .686 

- 4 f . . 6 9 9 

3v0.591 

51 .602 

-6 7,2 1 t 

31.92? 

52.60 ' 

-6 7.9 70 

33.250 


MnO 

1517*K, 


L«« Kp 

INFINITE 
-17.300 
-17.161 
-1 1 .600 
-8.304 

- 6.120 
-4.576 
-3.432 
-2.553 
-1 .922 
-1 .922 
-1 .061 

-1 .312 
-0.B63 
-0.489 
-0.251 
-0.251 
-0.176 
-0.147 
-0.147 
0.081 

0.121 
0.121 
6.274 
6.434 ! 

0.571 i 
6.689 , 

0.792 I 

0 .802 
0.961 
1 .030 
1 .042 
I .042 
6.924 
0.788 

0.662 
0.546 
0.438 I 
0.337 
0.242 

0.154 I 
0.071 I 
-0.008 ! 
-0.082 
-6. 1 52 

- 0.210 

-0.280 

-0.340 

-0.397 

-0.452 

-0.504 

-0.553 

-0.601 

-0.647 

-0.691 

-0.733 

-0.774 

-0.B14 

-0.852 

-0.889 

-0.925 
-0.960 
-0.994 
-1.027 
-1 .060 

-1.092 

-1.123 

-1.153 

-1.182 

- 1.211 

^CF 
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MANGANESE OXIDE (MnO) 


{IDEAL MOLECULAR GAS) 


glw = 70. 94 


^HfQ = 31. 000 kcal glw * 
Ground State Degeneracy = 4 
»298. 15'”0 = 2. 118 kcal gfw » 


A Hf 29 g 15 ” 600 kcal gfw ^ 

S 298 . 15 " 5 5. 616 cal deg K'lgfw“‘ 


cm* ^ 


State 

g 

E 

CO 

e 

WpXe 

‘'^eVe 

Be 

Ofe 


DfXlO^ 

X 

4 

0 

8^9. 55 

4. 79 

- 

0. 499 

- 

— 

0. 7 1 

A 

2 

17909. 59 

762. 75 

9. 60 

0. 06 

0. 453 

— 

— 

0. 64 


Heat of Formation 

Based on DasSarma. 

Heat Capacity and Entropy 

Calculated using above spectroscopic constants based on DasSnrma^ and 
Herzberg, ^ 

References 


1. DasSarma. J. M. . Z. Physik 157, 98 (195^^, 

2. Herzberg, G. , Spectra of Diatomic Molecules. I. , 2nd ed. 
Van Nostrand. N. Y. (1950). 
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ljUil.h. IS/ 


MOLYBDKNUM 


H F K R ENC E S T A T E 
Liquid Me. from f 

-- . _ _ ' ^'■'“<*«UB Mo from 496S*K to 6000* 


T.-K 

r .. — 

‘ P 

cf 

V 

'Ft h';„) 

0 

298,1 5 
300 

400 

500 

0.000 
5.680 
5.6 90 
5.970 
6.1 50 

0.000 

6.830 

6.865 

8 • 545 

9.90 5 

infinite 

6.030 

6.830 

7.057 

7.499 

600 

700 

600 

900 

1000 

6.280 

6.350 

6.440 

6.550 

6.700 

1 1 .035 
12.01 3 

1 2.868 
13.633 
U. 329 

7.99 3 
0.499 
0.993 
9.46 7 
9.91 9 

1 100 

1 200 

1 300 

1 400 

1500 

6 .860 
7,050 
7.240 

7 , 4 5 r 

7.600 

1 ..977 

1 • .506 
16.162 
16.710 
17.227 

10. 349 
10.761 
11.154 
11.531 

1 1 .894 

1600 

1 700 

1 000 

1 900 
j 200 0 

7.93? 
0.200 
0.406 
0. 791 
9.112 

17.731 

10.220 

10.697 

19.163 

19.622 

1 2 .244 

1 2.5b0 

1 2 , 90 7 

1 3.224 
13.532 

1 

21 00 

2 200 

2300 

2 4 00 

2 5 00 

9.451 
9.000 
10.102 
: ' . 5 74 

1 0 . -e 0 A 

20.075 
20.523 
20.967 
. 1 .4 09 

2 1 .049 

13.833 

14.127 

15.415 

14.697 

1 4.975 

1 2600 

1 2 700 

! 2000 

1 2 0 9C 

2 0 9^-' 

11.911 

1 1 .055 

12.317 

1 2 , 749 

1 0. ''00“ 

22.280 

22.727 

23.166 

23.563 

25.064 

1 ‘ .24 7 
15.516 

I . 70? 
16,018 
16.D1 8' 




30(3r 

i o.nno 

26.230 

; 3 1 'F 

1 0,000 

26 .5 66 

3?Oi" 

: 0 . ro ' 

26.88’ 

330 .“ 

1 0.0 or. 

27.191 

34C^ 

1 0..h', 

27.409 

! 3 5 01' 

i O.op.' 

27.779 

■' 3 6C( 

i .'.OO'.' 

20.061 

3 7"- 

1 C.OOO 

2 8. ^ 3 ' 

3 8C ' 

: r .000 

2H.cor 

39''. 

4 r .000 

20.061 

-OOP 

( 

* r..oo( 

2 9.11*’ 

j 4 100 

1 0 . 0 no 

2 . . 36 1 

. 4 2 0 0 

1 O.oo ' 

2 9 . 6 2 2 

i 4 3 0 0 

1 n .opo 

2 ..0 

1 4 4 0 C 

1 . r 0 , 

3 ' .o^p 

} 4 5 00 

1 0 , ■'OC 

3 0,2 9 r 

! 4600 

! 0 . 0 0 

30.51^ 

1 4700 

1 0.000 

3 0 , ■* 2 7 

1 4(300 

1 0.000 

3 0 . P 

j 4900 

1 0.000 

31.144 

I 4 96 5 

10.0 30 

3 1.2 76 

1 4Qf.5 

1 r . 4 ^ 1 

" 7 3' 

1 5000 

1 .■'.•’.00 

‘9,022 

1 5100 

1 2 . 7 ; •' 

60,032 

i 5 200 

13,033 

60, 322 

i 5300 

1 W2 75 

60.573 

1 5400 

13.490 

7 0 . H . 3 

5 500 

1 ^ . TOl 

7 J .07 4 

5600 

13,00'; 

ft I . 3 ’ 1 

5 700 

14.056 

61 . ‘ 69 

5000 

] 4 , /04 

6 1 . ^ J ‘ 

5900 

J 4 . 3 34 

^,2 .05 0 

6000 

1 <* a •« 4 <« 

b ’ . 300 


1 ft . 0 ». 1 
16.30 7 

16.710 
I 7 . C ? Z 
1 7. 3?6 
1 7.6?C 
1 7,906 

1 e. IBS 
1 R. 4 SO 
10.719 
1 0 . <> 7 ‘' 

1 

19 . 4^0 

19.1^8 

1 9 . 94 ,: 

r . 1 b 9 
. 391 

? 0.609 

ro.Boz 
r 1 .031 
0 1 . ;• 3 6 
? 1 . 366 
n • 3ft6 ' 
01.636 

00, 3fib 
0 1.110 
? 3 , 8 1 7 
?«.. ftor 

; ^ . 1 6 3 

06. flOt 

06.630 
0 7. 0-0 

07.630 
OH. 006 


- 1.092 

0.000 

0.011 

0.595 

1-203 

1 .S2S 
2.660 
3.100 
3.750 
4.410 

5.090 

5.790 

6.510 

7.050 

0.000 

8.780 
9.587 
10.421 
1 1 .285 
12.180 

13. lOa 

14.071 
15.070 
16.107 
1 7. Ift5 

10. 305 
19.460 
20.676 

21.004 

2' .4.54 

20.554 

29.554 

•>0.654 
3) . 554 

32.554 

33.5‘'4 

34.554 

1^.554 
36 .556 
554 

30.554 

39.554 

4 0 . 5^4 

41 , 5 j4 

42.554 

43.554 

44 .554 

45 . 554 

46.554 

47.554 

- 0 . 5 4 
49,204 
90.501 
190.9-^6 

I . . .'00 

19 3. ..9 1 
194.006 
196.145 
197.505 

1 90.80'^ 

roc. 20 3 
roi .69^ 

.'03,123 

.'04 . 56.' 


M.tv 196 2 


2890*K. 

K. 


Loi 


CUW 
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MOLYBDENUM (Mo) 


(REFERENCE STATE) 


gfw = 95. 95 


0®K to 2890®K Crystal 
2890^K to 4965°K Liquid 
4965^K to 6000^K Ideal Monatomic Gas 

^^£ 298 . 15 ° 

^298 I 5 * cal degK" ^gfw” ^ 

= 6.650 kcalgfw-l 
AH^ - 141. 300 kcal gfw“* 

Cp = 6.026 - 0. 217xl0“'^T+0. 0880xlO'^T^cal degK’*gfw“^ I SOO^K < T< 28900K 
Structure 

Mo has a b.c.c. structure. 

Heat of Formation 

Zero by definition. 

Heat Capacity and Entropy 

Low^temperature data from Stull and Sinke, ^ and Hultgren. ^ Data to 
1 SOO^K from Stull and Sinke. ^ Equation derived from range above 1 500^K , 
based on Rasor and McClelland^ data. 

Melting 

Melting temperature in agreement vmtn several sources. 

Vaporisation 

Vapor-pressure data of Edwards et al^ used. 

Further details by Barriault £t_AL ^ 

References 

1. Stull, D. R. and G. C. Sinke, Thermodynamic Properties of Elemen t?, 

Am. Chem. Soc., Washington, D. C. (1956). 

2. Hultgren, R, e^aL Selected Values of Thermodynamic Properties of 
Metals and Alloy s, Wiley, New York (1963). 

3. Rasor, N. and J. McClelland, J. Phys. Chem. Solids 17 (1960). 

4. Edwards, J. W. c^aL J. Am. Chem. Soc. 74, 1 539 (1952). 

5. Barriault, R, J. e^^, ASD TR 61 -260 (May 1962), Pt. 1. 


AH®, . 0 

AH®298. 15 = 158. 200kcal gfw"^ 
Tni = 2890®K 
s 496 5°K 

"ms. 15 ^ 


^•0LYBO€MUM (Mo) tREFERENCE STATE) GFy • 95. 9S 

summary uncertainty estimates 





K 



r n 



r . 

T . ‘’It 


% 

-^ 1 - r - T 

Ml 

296.15 

* 0.300 

* 0.100 

* 0.100 

* 0.000 

1000 

40.500 

* 0.600 

* 0. 320 

* 0.280 

2000 

* 0.800 

* 1.050 

* 0.580 

* 0.960 

2690 

* 2.000 

* 1.570 

* 0.820 

* 2.180 

2690 

* 2.000 

* 1.920 

* 0.820 

* 3.180 

5000 

* 2.000 

* 1 .990 

* 0.860 

* 3.400 

AOOO 

* 3.000 

* 2.170 

* 1.240 

* 5.900 

4965 

* 4.000 

* 3.470 

* 1 a 600 

* 9.270 

4965 

* 0.004 

* 0.003 



5000 

* 0.004 

* 0.003 



6000 

* 0.005 

* 0.004 
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TABLE 1S8 


MOLYBDENUM IDEAL MONATOMIC GAS 

Rcforencr Siatr for CaUuUlinK N . \F; . and K ; Solid Mo Irom 0* lo ?.HV0*K, 

Liquid Me. from 2890' to 4965*K. Ga.eoua Mo^from 496*,* to 6000*K. 














^ - -r 




1 , "K 

% 


(l-T - Hj^)/T 

»T-H298 



Log Kp 

0 

0*000 

J.OOO 

infinite 

-1 .481 

157.811 

157,811 

INFINITE 

29fl. 

4.968 

4^.462 

43.462 

0.000 

158.200 

147,278 

-107.953 

300 

4.968 

43.493 

43.463 

0.009 

158.198 

147.210 

-107.237 

<i00 

4.968 

44.922 

43.65 7 

0.506 

158.1 1 1 

153.560 

-78.434 

500 

4.966 

46.031 

44,025 

1.003 

158.000 

139.937 

-61.163 

600 

4.968 

46.937 

44.437 

1.500 

157.875 

136.334 

-49.657 

700 

4.968 

47.703 

44.851 

1.996 

157.736 

132.754 

-41.446 

600 

4.968 

48 . 366 

45.249 

2.493 

157.593 

129.195 

-35.293 

900 

4.968 

48.951 

45.629 

2.990 

157.440 

125.654 

-30.512 

1000 

4.968 


45.988 

3.487 

151,2T1 

122.131 

-26.690 

HOC 

4.969 

49.948 

46.327 

3.984 

157.094 

118.624 

-23.567 

1200 

4.970 

50.381 

46.647 

4.481 

156.891 

115.136 

-20.966 

1 300 

4.972 

50.778 

46.949 

4.978 

156.668 

111.666 

-18.772 

1400 

4.977 

51.147 

4 7.236 

5.475 

156.425 

108.213 

-16.692 

1500 

4.985 

5 1.49 1 

47.509 

5.973 

156.1 73 

104.778 

-15.265 

1600 

4.998 

5 1.813 

57.768 

6.472 

1 55.892 

lOl .362 

-13.645 

1 700 

5.017 

52.116 

48.015 

6.973 

155.586 

97.961 

-12.593 

1800 

5.043 

52.404 

48.25 1 

7.476 

l*.5.255 

94.561 

-11 .463 

1900 

5.079 

52.677 

4 8.476 

7.982 

1 ^4.897 

91,221 

-10.492 

2000 

5.125 

52.939 

48.693 

8.492 

154. *>12 

87.878 

-9.602 

2100 

5.183 

53.190 

48.901 

9.007 

154.099 

84.557 

-8.799 

2 200 

5.255 

53.433 

49.102 

9.529 

153.658 

81.299 

-6.076 

230i« 

5 . 340 

53.669 

49.295 

10.059 

153.1 89 

77.977 

-7.409 

2400 

5.440 

53.898 

49.482 

10.598 

152.691 

74.717 

-6.804 

2500 

5.556 

54.122 

49.663 

11.147 

152.162 

71.480 

-6.327 

2600 

5.689 

54.343 

49,839 

11.710 

151 .605 

66.260 

-5.738 

2700 

5,839 

54.560 

50.010 

12.286 

151.018 

65.067 

-5.267 

2800 

6.006 

54.776 

50.176 

12.878 

150.402 

61.897 

-4.B3L 

2 8 90 

6.171 

54.960 

50.323 

13.426 

149.822 

59.057 

-4.466 

2890 

6.171 

■ 54.968 

' 50.323 

1 3.426 

143.172 

59.057 

•4*466 

2 90 A 

6,190 

54 . 989 

50.339 

1 3.487 

143,133 

58.771 

-4.429 

3000 

6.392 

55.203 

50.497 

14.116 

142. 762 

55.869 

•4,070 

310^. 

6.611 

*'5.416 

50.652 

14.766 

142.412 

52,979 

-3.735 

3200 

6.847 

55.629 

50.805 

15.439 

142.085 

50.096 

-3.421 

3 300 

7.099 

5 ..044 

50.954 

16.136 

141 , 78? 

47.226 

-3.128 

3400 

7. 3fc ^ 

56.060 

51.101 

16.860 

141.506 

44,363 

•2.852 

3500 

7,650 

‘■6.277 

51 .246 

17.610 

141.256 

41.510 

-2.592 

3600 

7.946 

56.497 

51 .389 

18.390 

14J . *36 

36.664 

-2.347 

1700 

8.254 

56. 7] 9 

51.530 

19.200 

140. '<46 

35.827 

-2.116 

3800 

8.573 

56.943 

51 .669 

20.041 

140-687 

32.992 

•1 .897 

3900 

8.901 

57.170 

51 .807 

20,915 

140.561 

30.155 

•1.690 

4000 

9.235 

5 7.400 

51 .944 

21 .322 

140.468 

27.328 

-1.493 

4100 

9. 5 75 

57,6^2 

52,080 

22.762 

140.408 

24.498 

-1.306 

4200 

9.917 

5 7,867 

52.21 5 

23.736 

140.382 

2 1 .672 

-1 .128 

4300 

10.260 

58.104 

52.349 

24.745 

140.391 

18.85 1 

-0.958 

4400 

10.601 

58 . 344 

52.483 

25.788 

140.434 

16.020 

-0.796 

4500 

10.939 

58,586 

52.616 

26.865 

140.51 1 

1 3.190 

-0.641 

4600 

11.271 

58.8*0 

52.748 

27.976 

140-62? 

10.359 

-0.492 

4700 

1 1 .95»y 

5 9 . 0 7 f. 

52.880 

29.119 

140.765 

7.529 

-0.350 

4800 

1 1 .909 

59,323 

53.012 

30.295 

140.941 

4.690 

-0.214 

4900 

12.211 

59.572 

53.143 

31.501 

; 4l . 147 

1.652 

-0.083 

4965 

1 2.401 

5 V . 7 3 *. 

5 3.?? 9 

32.301 

141.297 

0.000 

0.000 

4965 

i2.4or ^ 

69.735 

■ ' ' 53,229‘ 

■32.301 




5000 

12.500 

*59.822 

53.27^ 

32.736 




5100 

12.774 

60.072 

53.405 

34.000 




5200 

13.033 

60.322 

53.536 

35.291 




5300 

13.275 

60.573 

53.666 

36«6d6 




5400 

1 3.498 

60-823 

53,796 

37.945 




5500 

1 3. 703 

61.073 

53.926 

39. 305 




5600 

1 3.889 

61 .321 

54.056 

40.685 




5700 

14.056 

61 .569 

54.186 

42.083 




5800 

14.20.. 

61.815 

54.315 

43.496 




5900 

1 4.3 

62.058 

54.444 

44.923 




6000 

14.444 

62.300 

54.573 

46.362 







May 

1962 



CHW 
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MOLYBDENUM <Mo) 


(IDEAL MONATOMIC GAS) 


gfw = 95. 95 


AH®q = 157. 811 kcal gfw'^ 


Ground State Configuration = 3 

H ®98 15 -H® = 1.481 kcal gfw’^ 

Electronic Levels and Multiplicities 

Atomic energy levels from Moore. ^ 

Heat of Formation 

Calculated from vapor-pressure data of Edwards et al. 
Heat Capacity and Entropy 

Calculated on monatomic gas-computer program. 
Further details by Barnault ^ 

References 


^“f298. 15 " 

®298 1 5 = ^^2 cal degK” ^ glw“^ 


1. Moore« C., Atomic Energy Levels, Vol. HI, Nat. Bur. Stds. (1958). 

2. Edward^ J. et al , J. Am. Chem. Soc. 74 , 1539 (1952). 

3. Barnault, R. J. et al, ASD TR 6 1 -260 (May 1962), Ft. 1. 


MSLVBOCNUM# MSNATSMIC (Mo) (IDEAL GAS » GFW - <»S,9S 

WMC£BTAiaiY L^.!.tMATX^ 




-c,i c(w- 



ki. tl nfw 



T.®K 


4 -fF 

T - 

r 

AH, 

"VO 

1 Kp 

29e.l5 

A 0,000 

AO, 002 

A 0.002 

A 0.000 

A 0,800 

A 0.830 

A 0 » 6 1 0 

1000 

A 0,000 

AO, 002 

A 0,002 

A 0.000 

A 1,080 

A 1 , 120 

A 0,240 

2000 

A 0,000 

a0.002 

A 0.00 3 

A 0,000 

A 1 , 730 

A 1.970 

a0,220 

2890 

* 0,001 

AO. 003 

A 0,003 

A O.OOl 

A 2.980 

A 3. 180 

a0,740 

2890 

± 0,001 

A0.0C3 

A 0.003 

A 0.001 

A 3.9B0 

k 3.180 

A 0,240 

3000 

A 0,001 

aO.003 

A 0,00 3 

A 0.001 

A 4.200 

t 3.390 

*0.250 

aooo 

* 0.002 

aC,003 

A 0.00 3 

A 0.002 

a6,700 

kb, no 

AO. 320 

A963 

A 0,004 

aO .003 

A 0.00 3 

A 0.004 

40.070 

* 8. 760 

AO. 390 

A98S 

-k 0,004 

AO. 003 

A 0.00 3 

A 0.004 




5000 

± 0,004 

A0.G03 

A 0.00 3 

A 0.004 




6000 

k 0,005 

aO.OQ4 

A 0.00 3 

A 0,008 
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1 ADLK 1 S9 


MOI^YBDRNIJM MONOXIDE: IDRAL MODECUI.AR OAS 


MoO 


Hefcrnncc Stat« for CaicniUt.ng MI?. \ F,* . and Log Kpi Solid Mo from 0* to ^«90•K. 
Diqnid Mo from ZH90' to 4965*K. GaN.maH Mo from 4965“ to bOOQ-K. 


CiaHroUfl O^, (i.lMrOUf) MoO 


0 

?90. is 
300 
<.00 
SOO 

600 

700 

800 

900 

lOOO 

1100 
1?00 
I 300 
14.00 
1500 

1 600 
1 700 
1 800 
1900 
2000 


0.000 

7.54,2 

7.SS0 

7.93? 

8.203 

6.388 

8.515 

8.604, 

8.669 

8.717 

0.754. 

8.783 

8.806 

8.824. 

6.839 

8.051 
8 .861 
8.870 
0.877 
8.883 


0.000 

54.. 50 7 

54, .6 34. 

56.861 

58.662 

60.1 75 
61 .4,76 
62.621 
63.639 
64, , 555 

65.387 

66.150 

66 .854. 

67.508 

68.117 

68.689 
69.225 
69.731 
70.211 
70.66 / 


infinite 

5<».587 
54». 587 
54., 880 
55.4,69 

56.130 
56.803 
5 7 . 4,6 I 
58.092 
58 .4.93 

59.264. 
59.807 
60. 32 2 
60.81 2 
61 .279 

61 .725 
62.150 
62.55 7 
62 .94.8 
63.322 


-2.116 
0.000 
0 . 014 , 
0.789 
1 .597 

2.4,27 
3.272 
4,. 129 
4.992 
5.862 

6.735 

7.612 

8.492 

9.373 

10.256 

11.141 

12.027 

12.913 

13.800 

14.688 


„Kf 

Ml'i 


87.413 
87.400 
8 7.3 96 
87.23? 
87.067 

86.897 
66.718 
86.537 
86.342 
86.1 38 

85.912 
85. 665 
85.396 
85. 105 
84.804 

84. 4 70 
84. )oe 
83. / 15 
83.291 
82.834 


87.413 

80.467 

80.424 

78.124 

75.869 

73.643 

71.448 

69.278 

67.133 

65.010 

62.906 

60.827 

58.767 

56.729 

54.714 

52.717 

50.743 

46.794 

46.862 

44.958 


Lo$ Kp 

infinite 

-58.981 
-58.506 
-42 .683 
-33.161 

-26.823 

-22*306 

-18.925 

-16*301 

-14*207 

-12.496 

-ll*07fl 

-9.879 

-8.855 

-7.971 

-7.200 

-6.523 

-5.924 

-5.390 

-4.913 


2 ior 

8.889 

71.100 

63,603 

2 20n 

- , P 93 

"..51*, 

64.029 

2400 

8 .698 

71 .909 

64 . 36 3 

2400 

8.90) 

7? .288 

64.686 

2500 

8.904 

72.651 

64.997 

2 500 

8.90 7 

73.001 

65.298 

27^.0 

8.910 

73,3 37 

65.590 

2800 

6 . 9 ] ? 

7 3 ,661 

65,97/ 

2 8 9C 

fi, flu 

73.943 

66.119 

2890 

8.914 

73.943 

66.119 

2 900 

8.914 

73.97^ 

66.146 

1 3000 

0.916 

74 .276 

66.412 

! ? 1 C 0 

F . 91 8 

■»4 . 568 

66.671 

1 3 200 

8.919 

74,852 

66.922 

1 3 300 

8.921 

7 5,126 

67.166 

340C 


75 , 39? 

67,404 

3500 

8.923 

75 .t,51 

67.636 

3600 

8 . 92i. 

75,902 

6 7.06 2 

3700 

8.928 

76.147 

68.00 3 

3600 

H. 9 26 

76.385 

60.290 

3 90 0 

8.92' 

76.617 

6fl.5v09 

1 4000 

fl.9?P 

76 . 043 

f. 8 • 7 1 4 

1 41C0 

n . 9?h 

77.063 

68.91 j 

j 420^ 

8.929 

77.278 

69.11 r 

4 3 0'" 

8.930 

7 7 .489 

69. 304 

4400 

8.930 

77.694 

69.49 3 

4 5 00 

0.931 

7 7 . 09S 

6 9.67 

4600 

8.931 

70.091 

69,858 

4700 

8.93? 

78.283 

70.035 

4800 

ft . 9 1 ? 

78.471 

70. 20Q 

4 900 

8.933 

7 8.65*^ 

70. 379 

4965 

8.933 

78,773 

70.488 

4965 

8.933 

70.773 

70.480 

5000 

8.933 

70.836 

70.547 

5 100 

8.93'* 

7^.012 

70.711 

5200 

8.934 

79.186 

70.072 

*•3 00 

8.934 

79 , 356 

71.031 

5400 

0.9 3*. 

7 9 . 5 ? 3 

r 1 . 1 8*1 

5500 

8 . 93S 

79.687 

71 . 340 

*^600 

H • 93*' 

7 ) , 640 

7 1 . 400 

5700 

0.935 

00.006 

71.638 

5 8 00 

8.935 

80.162 

71 . 784 

5900 

H.9 36 

80 . 3 1 4 

71 .927 

6000 

8.936 

8 0.46*' 

72.068 


15.577 

82. 342 

43.073 

-4.482 

16-466 

81.813 

41.219 

-4.095 

17.356 

81.246 

39.305 

-3.742 

18.246 

80.637 

37.579 

-3.422 

19.136 

79.905 

35.800 

-3.129 

20.027 

79.290 

34.047 

-2 .862 

20.917 

70.549 

32.314 

-2.615 

21 .809 

77.761 

30.621 

-2.390 

4. 2 » 6 1 1 

77.009 

29.1 17 

-2.202 

22.61 1 

70.359 

29.117 

-2.202 

22.700 

70. 300 

2B.980 

-2.184 

23.591 

69.715 

27.564 

-2 .008 

24.483 

69.129 

26,167 

-1 .845 

25.375 

58.540 

24.790 

-1 .693 

26.267 

67.949 

23.433 

-1 .55? 

27.159 

67.3 7 

22,093 

-1 .420 

■ 4.051 

56. 74 

20.766 

-1 .297 

28.944 

66.16' 

19.465 

-1.182 

7.036 

65.567 

10.178 

-1 .074 

30. 729 

64 . 967 

16.906 

-0.972 

31 .621 

64. 365 

15.639 

-0.076 

32.514 

63. 762 

14.408 

-0.707 

33.407 

63.157 

13.177 

-0.702 

34 . 300 

62.550 

1 1 .966 

-0.623 

35.193 

61.941 

10.776 

-0.540 

36.086 

61.330 

9.583 

-0.476 

3t>.979 

60. TIP 

8.4 15 

-0.409 

3 7.87? 

60. 103 

7.263 

-0.345 

36. 765 

59.485 

6.124 

-0.205 

39.650 

' 3 . p 5 5 

4,992 

-0.227 

40.551 

50.241 

3.886 

-0.173 

41.132 

57.834 

’.168 

-0.139 

41.132 

-83.463 

.168 

-0.139 

I ./*45 

-03 , 76 7 

3.775 

-0.165 

42. 338 

-84.663 

5.534 

-0.237 

43.231 

-B5.591 

7.311 

-0.307 

44.125 

-36.549 

9.111 

-0.376 

45.018 

-87,539 

10.930 

-0.442 

45.912 

-80. SSf 

12.760 

-0.507 

4 6.805 

-89.600 

14.610 

-0.570 

47.699 

-90.683 

16.484 

-0.632 

48.592 

-91.800 

18.380 

-0.693 

49.486 

-92.943 

20.278 

-0.*»51 

50.379 

-94, 1 22 

2 2 . 2 1 a 

-0.809 


May 1952 CHW 
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MOLYBDENUM MONOXIDE (MoO) (IDEAL MOLECULAR GAS) glw a U 1. 95 

4Hfo ■ 87. 413 kc»l gfw‘* ^^{Z96. 15 “ '*00 *^cal gfW* 

1 • - 1 - 1 

Ground State Configuration z £ ^298 15 * 54.567 cal degK gfw 

^298. 15 ■ gfw"* 


cm 


state 

B 

E 




B. 

“e 

Xe X 10 

D, X 10^ 

•s 

1 

0.0 

840 

- 

- 

■ 

- 

- 

- 


Heat of Formation 

Baaed on mass apectrometric observations of De Maria et aL^ 

Heat Capacity and Entropy 

Calculated using above estimated spectroscopic constants. Further details 
by Barriault, et al . ^ 
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2. Barriault, R. J. , et al, ASD TR 61 -260 (May 1962), Pt. 1. 
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TABLE l60 


MOLYBDENUM DIOXIDE CONDENSED PHASE 


M0O2 


Reference Sute for Calculating AHJ , AFJ, and Log Kp: Solid Mo from 0* to 2890*, 
Liquid Mo from 3890* to 4965"K, Gaseous Mo from 4965* to 6000*K; 
Gaseous O^i Solid MoO^- 




gl 



Kcal/gfw 



T.^IC 

P 

4 


r 0 

HT-M 798 


Apf^ 

l-of S 

0 

0.000 

0.000 

IHF INI TE 

-1.995 

- 1 39.628 

-139.628 

infinite 

298.15 

13.380 

1 1 .060 

11.060 

0.000 

-140.800 

-127.450 

93. 419 

300 

13.421 

11.143 

11.060 

0.025 

-140.799 

-127.367 

92.782 

400 

15.075 

15.232 

11.60 7 

1.450 

-140.668 

-122.906 

67.150 

500 

16.148 

18.730 

12.690 

3.020 

-140.437 

-1 18.489 

51.789 

600 

16.996 

21 .774 

13.957 

4.690 

-140.145 

-114.128 

41.569 

700 

1 7.739 

24.468 

15.268 

6.440 

-139.807 

-109.817 

34.265 

800 

18.425 

26.896 

16.573 

8.260 

-139.425 

-105.559 

28.836 

900 

19.079 

29.112 

17.645 

10.140 

-139.009 

-101.350 

24.610 

1000 

19.712 

31.145 

19.075 

12.070 

-1 38.567 

-97.189 

21 .240 

1100 

20.332 

33.022 

20.258 

14.040 

-138.116 

-93.073 

18.491 

1200 

20.943 

34.781 

21 . 398 

16.060 

-1 37.644 

-89.000 

16.208 

1 300 

21.547 

36.429 

22.491 

18.120 

-137.161 

-84.968 

14.284 

UOO 

22.147 

37.992 

23.542 

20.230 

-136.655 

-80.972 

12.640 

1500 

22.743 

39.503 

24.556 

22.420 

-136.085 

-77.013 

11.220 

1600 

22.337 

41 .007 

25.538 

24.750 

-1 35.412 

-73.096 

9.984 

1 700 

23.929 

42 . 565 

26.494 

27.320 

-134. *^32 

-69.231 

8. 900 

1800 

24.519 

44 . 256 

27.434 

30.280 

-1 33.295 

-65.425 

7.943 

1 900 

25.108 

46.180 

28. 369 

33.840 

-131.493 

-61.701 

7.097 

2000 

25.695 

48.457 

29. 31 7 

36.280 

-] 78.848 

-58.094 

6.348 
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MOLYBDENUM DIOXIDE (MoOz) (CONDENSED PHASE) xfw^l27. 9S 

^^f298. 15 “ -139. 628 kcal gfw"* ^298. 15 " 1 1 . 060 cal doKK‘*( 4 fw'* 

H 298 . 15 -Hq = 1. 995 kcal 

Cp = 14.11 + 5. 82xlO'^T-2. ISxlO^T'^cal deRK'^gfw'* 298. 15 “k< T-:, 2000‘’K 
Structure 

M 0 O 2 retains a solid structure to its disproportionation tempt* r.i tur#*. 

Heat of Formation 

Heat of formation by Mah. ^ 

Heat Capacity and Entropy 

Low-temperature data by King. ^ High- temperature data by King ^ 

valid to IBOO^K extrapolated to 2000 ^’k. 

Melting and Vaporization 

M 0 O 2 disproportionates rather than melts. 

Further details by Barriault 

Refe rences 


1. Mah, A. D. , J. Hhys. Chem. I S72 (1957). 

2. King, E. G. , J. Am. Chem. Soc. 1799 (1959). 

3. King, E. G. U. S. Bur. Mines, Kept. 5t)64 (I960). 

4. Barriault, R. J. ASD TR 6 1 - 260 (May 1962), Ft. 1. 
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MOLYiADKNUM 


Krfc r ftfu 


T."K 

0 

298.1b 

300 

4,00 

bOO 

600 

700 

800 

900 

1000 

1 100 
I ?0O 
1 300 
14.00 
1 500 

1600 
1 700 
1 SCO 

1 900 
?0O0 

I 2100 

! ??or 

! 2 300 

I 2400 

I 2500 

j 2 6 or 

1 2 70 0 

1 ?flor 
i 2 890 
I 2 8 90 

2 9Llf' 

: ^occ 

I 

3 100. 

, 3200 

I 33CC 

; 3400 

350C 

I 3 600 

I 3700 
' 3800 

3900 

4 000 

I 4 1 or 

4 20C 
4300 
4400 

4 5 00 

4600 

4700 

4800 

4900 

4965 

4965 

5000 

5100 

5 200 
5 3 00 

5 4 00 

5 5 00 

5600 
5 700 
5 800 
5900 
6000 


lAiiLK 1 61 


niOXllJK 


inKAl. MOhP.CULAR GAS 


4 165 K, Gasco.iH Mo from 4965* to 6000*K; 
_ t'aNeouH O^, G.iacous MrO^ 


M 0 O 2 


— 

^ p 

O.ooo 

10.66 3 
10.683 
1 1 .624 
1 2.256 

12.67? 

1 2.962 
1 3.162 
13.307 
13.414 

13.4 96 
13.559 
1 3.609 
13.649 
13.682 


c jif. ^ 


0.000 
63.6 74 
63.940 

67.151 

69.817 

72.091 

74.068 

75.613 

77.372 

78.780 

80,062 
81 .240 
82.327 
-3.337 
•4.280 


lf4riNI Tc 
63.874 
63.874 
64. 306 
65.149 

66.121 

67.118 

68.098 

69.044 

69.948 

70.810 
71 .631 
72.41? 
73.157 
73.867 


-2.670 
0.000 
0.020 
1.138 
2. 334 

3.582 

4.865 

6.172 

7.496 

8.832 

10.176 
1 1 .531 
1 2.889 
14.252 
15.619 


. Kc«l/||fw._ 
AH? 


0.297 
- 0.200 
-0. 204 
-0. 380 
-0.523 

-6.653 
-0. 782 
-0.913 
-1.053 
-1.205 

-1 . 378 
-1 .573 
-1.79? 
-2.633 
-2 .286 




1 3-709 

85.164 

74,546 

16.988 

-2.474 

1 3.731 

05.995 

7 5.195 

10. 36 0 

-2.092 

13.750 

86. 781 

75,81 7 

19.734 

- 1 . Ml 

13.76 7 

8 7.525 

76.414 

21.110 

-3.623 

1 3.700 

88.231 

76.967 

22.488 

-4,040 

1 3. /92 

88 . 9O4 

77.539 

2 3. 866 

-4.496 

1 . 8O3 

89.546 

78.0 70 

25.246 

-4 .990 

13.812 

90.160 

70.583 

26.627 

-5.524 

1 3.820 

90. 748 

79,077 

28.008 

-6. IO2 

1 3.fl?7 

91,312 

79,556 

29.391 

-6.725 

13.833 

91 .854 

flO.Ol 8 

30.7 74 

-7,394 

13.839 

9? ,176 

SO. 466 

32.157 

-0.112 

1 ■>.044 

92.880 

SO , 90 1 

3 3.54 1 

-8.075 

1 3.848 

9^.317 

81.271 

> . 708 

-9.612 

1 3 .848 

93.317 

81.271 

34. 788 

-16.262 

1 3 . 84H 

93 . 366 

81 . 322 

34.926 

-16. 319 

13.052 

93,035 

8 1.732 

36. 31 1 

-16.886 

13.056 

94,290 

82. 129 

37.696 

-1 7.450 

13.859 

94 , 729 

82,516 

39,082 

-18.034 

1 3.06? 

95.156 

02.89 3 

40^468 

-10.613 

1 3.065 

95.570 

83,260 

41 .855 

-19.104 

1 3 .868 

9‘ .972 

0 3.617 

••3.24 1 

-19 

1 3.870 

96.363 

8 3,966 

44.628 

-20.37. 

13.872 

96 . 743 

84, 306 

••' .0J5 

-20.969 

1 3.874 

97,113 

04,638 

47.403 

-21 . 566 

1 3 . 8 7h 

97.473 

64,963 

48. 790 

-22 ’68 

1 3.87H 

97 . 624 

ps.rec 

50.170 

-22. 722 

13.079 

98.167 

8 , ^90 

51 .566 

-23. 380 

1 3.881 

9 P . ‘ 0 1 

85.893 

92.954 

-2 3.992 

1 3 , 8 8 2 

98 . P.'S 

86.190 

54 . 342 

-24.607 

1 3.884 

99.147 

Rn , 40 1 

55.730 

-24,227 

13.805 

■y - . 4 5 9 

86.766 

57.119 

-25,049 

1 3.886 

9‘ . 764 

S 7 . 0 4 (1 

50. *'07 

-26.477 

1 3.887 

1^0.063 

87,319 

59. 89^ 

-2 7. J 09 

13,888 

100.355 

07,580 

6i .284 

'7. 48 

1 3.809 

1 00.642 

07.8' : 

62.673 

- - S . 5 > 2 

1 3.890 

100.624 

80,019 

6 >.576 

-28.816 

1 3,890 

100.824 

0 0.019 

6 3.5 76 

-1 70.113 

1 3.890 

1 00.922 

80.110 

4,062 

-1 70.426 

13.890 

10, , 190 

88.364 

65.441 

-171.351 

1 3.891 

101.467 

88.61 3 

t.6, 84 0 

-172.313 

1 3,89? 

101.732 

8P .858 

68.229 

-173.312 

13.893 

101 .942 

04,099 

69.619 

-1 /4 . 349 

1 3.893 

102.246 

R t, 336 

71 .008 

-1 75.425 

13.894 

1 02 .447 

09.569 

7? . 397 

-176.543 

1 3.895 

102. 743 

0 9, , w R 

7 > . 78 7 

-177. ;03 

13.895 

1 02 . 904 

■>0.02 1 

7'>, 1 76 

-1 78.911 

1 '.8^6 

10 1. 22.-’ 

90.2 4*' 

7 • S ^3 # 

-180. 169 

1 3.896 

1 0 3 . 4 ■ • 

40,46 3 


-101. 404 


0.297 

-2.596 

-2.611 

-3.386 

-4.118 

-4,826 

-5,513 

-6.179 

-6.829 

-7.462 

-B.OSl 

-8.681 

-9.265 

-9,832 

-16.379 

-10.909 
-1 1 .422 
-11.912 
-12.384 
-12.834 

-13.264 
-13.669 
-14.053 
-14.4 10 
-14,745 

-15.051 

-15.333 

-15,585 

-15.762 

15.762 

-15.705 

-15,759 

-15.708 

-15.648 

-15.563 

-15,463 

-15.341 

-15,206 

-15.052 

-14.703 

- 14,500 

-14 .2H9 
-14.057 
-13.807 
-13.540 

-1 3.200 

-12.990 
-12.690 
-12. 374 
-1 2,644 

-1 1,817 
-’-.817 
-10.705 

-7.562 

-4.280 

-1.639 

2.225 

5,511 

8. 863 
12.135 

I 5.u80 
18.839 
22.2'»6 


L®! Kp 

INFINITE 
1.903 
1 .902 
1 .850 
I .800 

1 .758 
1.721 
1 .688 
1.658 
1 *631 

1.605 
1 .581 
1 .558 
1 .535 
1 .512 

1 .496 
1 .468 
1 .446 
1 .424 
1 .462 

1.360 
1 .356 
1.335 
1 .312 
1 .289 

I .265 
1 .241 
1 .216 
1.192 
1.192 
1.190 
1 .148 

1.107 
I .069 
I .031 
6.994 
6.958 

0.923 

6.889 

0.856 

6.824 

0.792 

0.762 
0.731 
C .702 
0.673 
0.645 

0.617 

0.590 

0.563 

0.537 

0.520 

6.520 

6.466 

6.321 

0.180 

0.643 

-0.090 

-0.219 

-0.344 

-0.465 

-0.496 

-0.698 

-0.810 
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MOLYBDENUM DIOXIDE (M 0 O 2 ) (IDEAL MOLECULAR GAS) gfw = 127, 95 

AH°q = 0. 297 kcal gfw-* ^“f298 1 5 "" gfW* 

Point Group = C2v S29B. 15 = 63.874 cal degK'^gfw'* 

“ 298 . 15 -“0 = 2, 670 kcal gfw'^ 

Vibrational .Levels and Multiplicities 
04 cm"^ U4 cm“^ 

824 (1) 857 (1 ) 

367 (1) 

Bond lengths and angles: 

Mo-O distance ~ 1. 73 A 
O-Mo-O Angle = 107 deg 

Product of moments of inertia: 1^1 g - 6. 2826xl0"^^^g^cn/\ a - Z 
Heat of Formation 

Average of calculations based on data by DcMaria et al^ and by Burn.s 
et^aL ^ 

Heat Capacity and Entropy 

Calculated on polyatomic gas-computer program using esiirri.it<^d 
spectroscopic constants. 

3 

Further details by Barriault et al. 

References 


1. DeMaria, 

2. Burns* R. 

3. Barriault, 


G. et^a^, J- Chem. Phys. ^ 37 3 (I960), 

e^a^, J. Chem. Phys. VZ, 1363 (I960). 

R, et al, ASD TR 6l-26“o (May 1962), Pt. 1. 
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table 16 ? 


molybdenum TRIOXIDE 

CONDENSED PHASE 

Reference State for Cak ulut.ng ^ H? . . 

Liquid Mo from J890’ to 496S K^’r*” Irorri 0* to ^890*K. 


MoOj 


T."K 


0 

?98. 1 •> 
300 
<•00 
^00 

600 

700 

800 

900 

1000 

1070_ 
1070 
1 100 
1 ?00 
1 300 
UOO 
MOO 








0.000 

(. .000 

1 7.934 

' 6 .580 

17.977 

18.691 

19.777 

24.130 

21.030 

20.684 

22.067 

32 .612 

23.001 

36.084 

23.882 

39.21 3 

24.731 

42.076 

25,560 

64.724 

26.1 33 

46.473 

~30.20C 

5 T. 392 

30.2cn 

58.227 

30.200 

60.055 

30.200 

63.272 

30.200 

65.511 

30.200 

67.594 






Infinite: 

16.580 

16.581 
19.310 
?0. 742 

2?. 400 
24.11 . 
25.805 
27.457 
29.053 

30.1 36 _ 

^C.l 36 
30.891 
33.200 
35.495 
37.561 

39.494 


_ Kcm\/gtm 
AHt 


-3.009 
O.OOC 
0.033 
1 .928 
3.971 

6.127 

6.381 

10.726 

13.157 

15.671 

17.481 
29. 164” 
30.0 70 
33.090 
36.110 
39. 1 30 
42.150 


-1 76.905 
-178.100 
-178.098 
-177.851 
-177.513 

-177.113 
-1 76.659 
-1 76.152 
-1 75.591 
-1 74.979 

-174,526 
-162.843 
-162.519 
-161 .471 
“160,456 
-1 59 . 47 . 

-158.508 




-1 76.905 
-159.686 
-159,572 
-153.431 
-1<.7.361 

-161.369 

-135,447 

-129.593 

-123.807 

-116.084 

-116,123 
-116. 12^” 
-112.756 
-108.277 
-103.887 
-99.576 
-95.331 


Loi Kp 


INF INI rc 
117.068 
116.263 
83.827 
66.408 

51.491 

62.286 

35.601 

30.063 

25.8d6 


2 3.309 
23.369 
22.601 
19.719 
1 7.464 
15.544 
13.889 


M-^ 1 962 
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MOLYBDENUM TRIOXIDE {M 0 O 3 ) (CONDENSED PHASE) gfw - M3, 95 

AH°298. 15 = -1V8. 100 kcal gfw*‘ S 598 j 5 ^ 1 8. 58 cal degK‘ *gfw‘ * 

Tm = 1070°K AHm - il. 683 kcal gfw‘‘ 

”298. 15 ‘“o = 

Cp = 17. 97 + 7. 80 X lO‘^T-2. lOxlO^T'^cal degK**gfw-l 298. 15°K<^ T< 1070“K 

Cp = 30.2 cal degK"^ glw*^ 1070“K^ T<^ 1 500°K 

Structure 

M 0 O 3 melts at 1070*K. 

Heat of Formation 
Based on Mah . ^ 


Heat Capacity and Entropy 


Low-temperatur € data from Kelley and King. 
King e^aL ^ 


Z 


High- temperature data by 


Melting and Vaporization 


The melting point is an average ot four values. 
Further details given by Barriault ^ 


Referen es 


1. Mah, A. D. , J. Phys. Chem. 1572 (1957). 

2. Kelley, K. and E, King, U. S. Bur. Mines, Bull. 592 (1961 ). 

3. King, E. U. S. Bur. MineSt R«pt. 5664 (I 960 ). 

4. Barriault, R. et al, ASD TR 61 -260 (May 1962), Pt. 1. 
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I ARLk: H.3 


molybdenum trioxidk 


IDEAL MOLECULAR GAS 


M 0 O 3 


' Mo from 0* to ^H90*K. 

LK,...d Mo Iron, y.H'„>- ,„ l-JoS’K. f.-,...,o. Mo fro, „ 4'>0V <,000*K. 

_ CiflHt'O.id O 2 . CjaseoiiH Mf>C) j 


l.'^K 

1 

1 

..1/ K 

‘‘'t 


^7 - “29« 

>Ct.l/j,rw 


0 

290. 1 5 
300 

400 

500 

o.ooo 

14.490 

14,533 

16.105 

1 /.147 

O.ooo 

66.653 

66.742 

71.153 

74 .067 

1 ^<r!Ni tf 
6^.653 
66.653 
67.244 

6 0.40 7 

-3.227 

O.OOO 

0.027 

1 . 564 
3.230 

-80.023 
-01 .000 
-01 .004 
-01.115 
-01.154 

-80.023 

-76.919 

-76.094 

-75.504 

-74,094 

600 

700 

BOO 

900 

1 000 

17,030 

1 B. 30fi 
16.637 

1 0,8 76 

1 9.052 

70,059 

00 , fl46 
03.313 

H 5 , 5 2 3 
07,521 

69.756 

71.145 

72.515 

73.840 

75.110 

4.902 

6.790 

8.639 

10.515 

12.412 

-01.150 
-81.150 
-01.139 
-01 . 1 33 
-01.130 

-72.682 

-71,271 

-69.061 

-60.451 

“67,041 

1 100 

1 200 

1 300 

1 4on 

15 00 

1 9.1 06 
19.291 

1 9. 374 

1 9.440 
19.494 

0 . 3 4 4 

91 .018 
92.565 

94 .004 

95 . 34 7 

76.322 

77.478 

76.580 

79.631 

00.634 

1 4 • 324 
16.248 
10.101 

20. 1 22 
22.069 

-81.165 
-01.213 
-81 .285 
-81 . 300 
-81.400 

-65,629 
-64.2 16 
-62. 798 
-61,373 
-59.940 

1 600 

1 7 00 

1 Bor 

1 90C 

20C'O 

19.539 

1 9.576 

1 9,60 7 
19,634 
19.65/ 

96.604 

9 7 . / 9 2 

9P . 91 2 
99.973 

100.901 

01.593 

02.512 

0 3 . 39 2 
64.23 7 
85.049 

24.021 

25.977 

27.936 

29.090 

M .062 

-01. 32 

“81 . 500 
- 8 2 . 0 1 1 
-02.259 
-02 . 5<.0 

-58.496 
-57,049 
-55.586 
-54.1 IC 

-52.620 

21 Of 

2 200 

2 30 0 

2 4 or 

2 5 or 

1 ^.677 

1 9.6 914 
19.709 

1 9. 722 
19,7 W. 

L i . 940 

3 Or . 8 56 

10 w 732 
104.571 
U5.3 76 

05,031 

06.504. 

07.311 

08.013 

80.691 

33.829 

35. 790 
37.760 
39,739 
41.712 

-02. 860 
- 8 3 . 2 2 1 
-83.624 

-04.072 

-04.569 

-51.116 

-49,597 

-48,059 

-46.507 

-44,930 


Log I 


P 


infinite 
301 
014 
7^2 
305 


56 

56 

<•1 

32 

26 

72 

19 

16 

14 

1 3 
1 1 
1 0 
9 
fl 


473 

251 

004 

621 

651 

039 
695 
55 7 

580 

733 


7 ,990 
7,334 
6 • 749 
6.224 
5.750 

5.319 I 

4.927 1 

4 • 566 
4.235 
3.926 : 


, 26^1' 

] 9. 744 

: C6. 1 50 

89. 348 

43.686 

-05.1 1 3 

-43.334 

3.642 

; 2 /'"^c 

19. / » 3 

1 06 . f- .6 

09.984 

'5.661 

-85. /O9 

-41 .715 

3.376 

i 2 6 2 <■' 

19. 762 

i 0 7 . 6 1 4 

9 '^.60 1 

47,637 

-06.353 

-40.071 

3.128 

• 2 8 90 

1 V . 7 6 0 

1 0 0 • 2 3 “v 

91 . UO 

49.415 

-{36.983 

- 18.5 76 

2.917 

2 692 

19. 766 

1 0 h . 2 } 9 

91,140 

4 9 , ^ 1 5 

-93.633 

-30.576 

2.917 

’ 2 9C0 

i 9 . 769 

1 00 . 308 

91 . 200 

49.61 3 

-93.677 

-3H. 304 

2.893 

3000 

19.776 

1 0 P . V 7 e 

91.70 1 

41 .590 

-94, 120 

- 36.468 

2.657 

; 310r 

19. 702 

109.626 

92 . 346 

53 . 568 

-94 . 506 

-34,531 

2.4)4 , 


19,787 

1 10.2 55 

92 .896 

5 5.54 7 

-95.050 

-32.598 

2.226 ! 

3 30r 

1 9, 792 

i 1 0 . H64 

9 3,432 

4-7.526 

-95 . 4 

- 3 0 . 6 3 4 

2.029 ' 

1 34^0 

19.797 

111.45' 

9 3.9*; 3 

^9.505 

-95.9 

-28.664 

1.843 

1 3502 

19.001 

1 1 2 .02 0 

94.461 

61.485 

-96 • 4 

-26.670 

1.665 1 

: A6n(' 

19.605 

112.506 

94,957 

63.466 

-96# ‘962 

-24,667 

1.497 j 

37cr 

19.009 

113.129 

95.441 

6 5 . 4 •« 6 

-97 453 

-22.645 

1 .338 j 

1 1000 

1 -s . 0 1 2 

11 1.657 

/ 5 , 9 1 3 

67.427 

-9 7 , 949 

- 2 0 . 6 2 6 

1.186 ! 

i 3 900 

19.815 

114.172 

-6. 3 75 

69.409 

-98. -51 

-18.504 

1.041 j 

I 4 000 

1 'y . 8 1 8 

1 14.6 74 

96.826 

71 . 390 

-90.958 

-16.520 

0.903 

! *.100 

19.021 

1 1 5 . 1 

9 7 , 6 ’ 

73.372 

-99.4 70 

-14.461 

0.771 ! 

4 200 

1 y.0 23 

11' . 6 4 i 

97.09 9 

"4. 

-99.908 

- 1 2 . 3 8 2 

0.644 ! 

1 430C 

1 V. 025 

116.107 

98 .122 

77.337 

-1 00.509 

-10.281 

0.523 ■ 

i 4400 

19.827 

116.563 

9 6.4 3f> 

7 9.319 

-101 .Cs 

-0.160 

0.406 ; 

1 4 5 00 

19.829 

117.00^ 

9 8,94 1 

01 . 302 

-101.573 

—6.066 

0.295 ; 

1 4600 

1 9 . P 3 1 

1 1 7.44*. 

V9. 339 

03.205 

“ ! 0 2 . , 1 4 

-5.933 

0.187 1 

1 4 7Cr. 

1 9.0 3 ^ 

1 ] 7 . e 7 1 

9 9 , ’ 2 Q 

85,269 

— . .06 2 

-1.791 

0.083 I 

4800 

19.835 

118.209 

100.11 1 

3 7 . 2 5 2 

- 1 0 3 . 2 1 9 

0.3 70 

-0.0' 7 1 

4900 

19.836 

1 1 8 . 6 9 P 

100.466 

87.235 

-103. 786 

".333 

-0.113 ‘ 

496*^ 

19.037 

: 1 e . 9 5 r 

100.725 

’0.525 

-104.161 

3.957 

-0.174 1 

4965 

19.637 

118.958 

100.725 

0.52 5 

“2*. 4, 45 8 

3 .957 

-0.174 j 

5 000 

19.838 

119.090 

100.054 

51.219 

-24 5, 7^,0 

5.710 

-04250 

5 1 00 

I 9 . 8 3 

119.491 

1 0 1 • 2 i (> 

3 3, 203 

- 2 4 6 . 6 0 0 

10.7^6 

-0.460 

5 20 0 

1 9 . 840 

1 1 9.8 76 

1 0 1 . 7 1 

95.187 

-24 7,49 7 

15,798 

-0.664 

5300 

19.841 

120.254 

101 .92 0 

‘*7.171 

-248.4 30 

20.871 

-0.861 

5400 

19.043 

1 20.62‘ 

1 02.26 3 

‘30 .155 

- 2 4 9 . 2 4 5 

24.969 

-1 4^51 

5500 

19.844 

120.909 

102. too 

1 01 • 1 39 

-250.450 

3 1 . 0H6 

- : . 2 ) 5 

5600 

19.845 

1 21 . T47 

102.932 

103.124 

-251,544 

36.210 

-1.413 

5 700 

1 9.H46 

121 .696 

103.250 

1 0 5 . . 0 * 

- 2 5 2 . 6 0 r. 

41.371 

-1 .506 

5 800 

19.047 

122.043 

10 3.579 

1 0 7 .09 3 

5 3 . 0 90 

4 6,'' 5 I 

-1 .754 

5900 

19.647 

1 22 . 38 3 

; 0 3 .8 '5 

109.078 

- 2 '' 5 , i 6 < 

4 1 , 7 3 7 

- i . 9 1 6 

6000 

19.848 

1 2 2 . 7 i 6 

1 0 M . 2 0 r> 

ill. 06 1 

56 , j 1 ‘ 

•■-6 . 964 

-2 .07s 




M ly I9b2, 
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MOLYBDENUM TRIOXIDE (M 0 O 3 ) (IDEAL MOLECULAR GAS) gfw = 143. 95 

AH^O = gfW' A^lf298. 15 K^W* 

Point Group = D 3 h ®298 15 " 56.653 cal degK'*gfw'* 

^298. 15 "Ho = 3. 227 kcal gfw'* 

Vibrational Levels and Multiplicities 

oj, cm“^ OJ^ cm'^ 

800 (1 ) 897 (2) 

344 (1) H7 (2) 

Bond lengths and angles: 

Mo-O distance = 1. 73 X 
O-Mo-O Angle = 120 deg 

Product of moments of inertia: 3. 3920^2xl0“^^^g^crn^, a- 6 

Heat of Formation 

An average based on the works of DeMaria et al ^ and Burn& ^ 

Heat Capacity and Entropy 

Calculated on polyatomic gas-computer program using eslin-iaied spec tro- 
acopic constants. 

Further details given by Bamault ^ 
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TAPl^E U»4 


nithogf;n 


IDEAL MONATOMIC GAS 


N 


T,*K 


0 

29a. IS 
300 
400 
*i00 

600 

700 

eoo 

900 

1000 

1 100 
1200 
1300 
1400 

1 soo 

1 600 

1 700 
1 800 
1900 
2000 

210C 

2 200 
2300 

) 24 00 

2•^cr 

2600 

2700 

2800 

2900 

3000 

noo 

3 200 
3300 
3AOO 
1300 

3600 

3700 

3800 

3900 

4000 


Reft* rrnco Statr for Cairuiating , A , and Log Kpi 
(janeou B from 0 * to 6000* K 



g4 

- 


Kfm\/nfw 






- ”298 

ah'; 


Log Kp 

0.000 

0.000 

infinite: 

-1 .481 

112.536 

1 12.536 

INFINITE 

4.968 

36.616 

36.61 5 

0.000 

112.980 

106.887 

-79.012 

4.968 

36.646 

36.615 

0.009 

112.903 

108.861 

-79. 301 

4.966 

38.074 

36.809 

0.506 

113.131 

107.465 

-58.713 

4.96B 

39.183 

37.177 

1.003 

1 1 3.277 

106.032 

-46.344 

4.968 

40.089 

37.590 

1.500 

1 1 3.41 7 

104.569 

-38.087 

4.968 

40.866 

10.003 

1 .996 

113.550 

103.084 

-32.183 

4.968 

41.618 

38.402 

2.493 

113.675 

101.580 

-27.749 

4.968 

42.103 

18.781 

2.990 

113.792 

100.061 

-24.297 

4.968 

42.627 

19,140 

3.487 

1 1 3.902 

98.530 

-21.533 

4.968 

43.100 

19.479 

3.984 

114.005 

96.987 

-19.269 

4.968 

43.533 

39.799 

4.481 

114. lOl 

95.437 

-17.301 

4.968 

43.930 

40.101 

4.977 

114.192 

93.079 

-15.782 

4.968 

44.298 

40. 388 

5.474 

114.278 

92.312 

-14.410 

4.966 

44.641 

40.661 

5.971 

114.361 

90.740 

-13.220 

4 . 968 

44.962 

40.919 

6.468 

1 14.440 

89,164 

-12.179 

4 . 968 

46.263 

41 .166 

6.965 

114.516 

87.580 

-11 .259 

4.968 

46.647 

41.402 

7.461 

114. .8-^ 

85.993 

-10.440 

4.969 

46.616 

41.627 

7.958 

114.650 

04.402 

-9.708 

4.969 

46.070 

41.843 

8.455 

1 14. 726 

82.010 

-9.049 

4.970 

46.313 

42.060 

e.952 

114.792 

01.211 

-8.451 

•..971 

40.644 

42.249 

9.449 

114.857 

79.610 

-7.908 

4,97? 

46.766 

42.441 

9.946 

1 14.920 

78.006 

-7 .412 

4.976 

46.977 

42.625 

10.444 

114.982 

79.402 

- 6.957 

4.970 

47.180 

42.001 

10.941 

115.042 

74.79? 

-6 .538 


4,982 

4.987 

4.993 

5.001 

5.010 

47,375 

47,561 

47.745 

47.920 

48.090 

42.976 
43.142 
43, 303 
43.459 
43.61 1 

1 1 .439 

1 1 .938 

12.437 
*c'.936 

13.437 

115.16? 

115.162 

1 15.221 
115.270 
115.337 

73,179 
71,567 
69.952 
68. 334 
66. 714 

-6.151 

-5.793 

-5,460 

-5.150 

-4.860 

5.022 

5.035 

•‘.050 

5.066 

5,005 

40.254 

40.414 

48.569 

48 . 720 
48.867 

43.758 

43.901 
44,040 
44.176 
44. 308 

13.938 

14.441 

14.945 

15.451 

15.959 

115.397 

115.455 

115.515 

115.575 

1 15.638 

65.091 

63.469 

61.843 

60.215 

50.504 

-4,589 

-4.335 

-4.095 

-3.070 

-3.658 

5.107 
5. 1 30 
5.155 
5,183 
5.213 

49,01 1 

4.5 .151 
49.288 
49.422 
49.554 

44.436 

44.562 

44.689 

44.804 

44.921 

1 ( .468 

16.980 

17.494 

18.011 

18.531 

1 15. /t-* 

1 1 5. 
115.03 
115.902 
115.973 

56.956 

55.323 

53.691 

52.054 

50.416 

-3.450 

-3.268 

-3.008 

-2.917 

-2.754 


4100 

5.244 

4200 

5.278 

4300 

5.314 

440C 

5.351 

4A00 

5.390 

4600 

*,431 

4700 

5.473 

4000 

5.517 

4900 

5.562 

500C 

5.60e 

5100 

5.654 

5 200 

5.702 

5300 

5.751 

5400 

5.000 

5500 

5.050 

5600 

5.899 

5700 

5.950 

5800 

6 . 000 

5900 

6.050 

6000 

6.100 


49.683 43.036 
49.810 43.148 
49.935 43.238 
60.037 46.366 
*0.178 46,471 

60,297 46,576 
60-414 46.676 
6 O. 61 O 46.776 
60.644 46,876 
60.767 46.971 

60.686 46.066 
60.978 46.169 
61.088 46.261 
61.196 46.342 
*•1 . 30? 46.431 

61.408 46.619 
61 .613 46.606 
61.617 49.691 
61.720 46.776 

61.822 46 . BS 9 


19.054 

116.040 

19.550 

116.124 

20.110 

116.205 

20.643 

116.207 

21.100 

116.374 

21.721 

116.465 

22 . 266 

116.558 

22.816 

116.656 

23.369 

116.758 

23.9.’0 

i 1 5.0 54 

24.4*91 

116.974 

25.059 

117.089 

5,632 

1 17,200 

26.209 

117.33? 

26.792 

1 1 7,460 

27,379 

117.592 

27,971 

117.710 

20.569 

: 1 7,872 

29.171 

118.019 

29. 779 

118.170 


40,774 -2.600 
47.13? -2.462 
46.487 -2.312 
43.843 -2.170 
42.196 -2.049 

40.644 -1.926 
38.899 -1.809 
37.246 -1.696 
36.684 -1.607 
33.930 -1.483 

::.267 -1.383 
< 607 -1.286 
20.948 -1.194 
27.277 -I.IO 4 

?6,6i2 -i.oie 

23,940 -0.934 
22.266 -0.064 
20.69? -0.776 
18,910 -0.700 
17.226 -0,627 
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NITROGEN, MONATOMIC (N) (IDEAL GAS) gfw - 14.008 

= 112. 536 kcal gfw"^ ^H?298. 15 " 112. 980 kcal gfw”^ 

o -1 

Ground State Configuration S i.i/j ^298. 15 - 36. 615 cal deg K glw 

“298. 15 ’“o = 

Electronic Levels and MulUplicities 
Atomic energy levels from Moore. ^ 

Heat of Formation 

Based on review by Brewer and Searcy. ^ 

Heat Capacity and Entropy 

Calculated on monatomic gas -compute r program. 

Further details in report by Barriault ^ 
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NlTfteCEN# MSNATeMlC (NJ i IDEAL GAS» 

SUHHAftY 0F uncertainty jST [MATES 


1 










T "K 

r: 

St 'f 



SH, 


1 


*0.000 

±0.002 

* 0.002 

* 0.000 

*0.100 

*0.100 

0.0 ro 

1000 

±0.000 

*0.002 

* 0,002 

* 0.000 

* 0.100 

*0.100 

0.020 

2000 

±0.000 

*0.002 

* 0.002 

* 0,000 

* 0.100 

*0.110 

0.010 

3000 

±0.000 

*0,002 

* 0.002 

* 0.001 

*0.100 

*0.110 

0.010 

AOOO 

t 0.000 

*0.002 

* 0.002 

* 0,001 

*0.100 

*0.120 

o.oos 

5000 

*0.C01 

*0.002 

* 0.002 

* 0,001 

*0.100 

* 0.120 

0.005 

6000 

*0.noi 

*0.002 

* 0,00 3 

* C.002 

* 0. 100 

* 0.130 

0.005 
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TAB 1.F: 165 


niobium NITRIDK 

CONDENSED PHASE 

' NJlrom Soli-K^ 'r *"r' * 

' ~ — to 6000* K 


to 2741“K, 


0 

?<>8. 1 5 
^OC 
<.00 
soo 


!>031 .Sh 
5 0 3 1 . »> H 
MOO 
5Zt)0 
5 300 
5<.0C 
5 500 


0.000 
1 0 . 300 
10.310 
1 o.e^n 

11.3^0 

I 1 .-vio 
1 I . ',<30 
!?• IZ8 
1 ?. 1?7 
1 5?s 

1 2. 7Z<. 

1 2 . z ’ 

1 3 . 1 Z J 

J 3 . 3 1 ry 
I 3 . 'j 1 « 

1 3 . 7 ] <, 


1 8 . Z07 
18.Z0 7 
20.0fcl 

2 1 

2 3 , 1 r, 7 
?**,t*Hl 


■^^3 M^)/f 

inf INI TC 
10. 500 
10.500 
10.011 
11 . 70 5 

1 2 . 7H 5 
12.615 
1 3.550 
1 <..<.F,a 
15,353 
U.ZOl 


1 5 .DOT 
I 5,000 
1 5 . 3or 
1 ‘-.ooo 
1 .oor ■ 

\ .0'"'C 

1 * . - 00 


1 s.'-^OO 
I 5.000 
1 5. OOP 
1 5.000 
15.000 

1 5.000 
1 5. 300 
I 5 . 000 

1 5.000 

1 5.000 

1 5.000 
1 5.000 
I 5,000 
1 5,000 

1 5.000 

15.000 

1 5.000 

1 5.000 

15.000 
1 5.000 

1 5.000 

15.000 


2* .709 

1 '.Oil 

26 . H42 

1 78 ) 

27.900 

18.521 

2h . b94 

19.227 

2 9 , H i <. 

19.903 

30.72* 

20.552 

3 1 .095 

20.02 3 

31 . 704 

20.82 3 

3 2 . 2 ’ 5 

21.1 96 

3 1,073 

21.033 

3.064 

2 2. 446 

34.653 

2 3 . < 7 

’ 5 . 3 fl 

2 3.60 8 

35. On 3 

2 4,1*.:# 

■» 7. . 7 5 0 

2 4 , 6 V / 

3 5 . H 9 5 

24 .812 

1 . 6 34 “' 

2 4 , 8 U 

4 2 . 1 2 3 

2 *• . 3 6 0 

4: . 7 »6 

2 #> • '3 »♦ 3 

4 3 . 324 

26 . 696 

4 1 , 8 

2 7 . 32 2 

4 4,1 1 6 

2 ^.57 2 

44.116 

27.572 

44,436 

2 7. '7 '4 

4 4. J 6 2 

2 8 . * 0 . 

4 *> . 4 7 0 

2 9.: 6 0 

4*' .96 2 

2 9 . * 0 ; 

4 6 • 4 3 ‘‘ 

3'^. . 1 6 

46 . 9 0'* 

3 0.618 

47,345 

31,103 

4 7 . 3 

31.573 

45.2** 

3 2. - 32 

48.616 

3 , 4 7 2 

4 9.016 

3 2. 92 1 

49 , 41'6 

3 3. .2 1 

4 9 , 7 0 f 

’ 1 . 72 8 

‘0.1 46 

3-.. 1 24 

•0.510 

34.510 

'0.871 

3 4 . 8 8 ^ 

5 1.215 

35.253 

5 1.^5? 

* * . 6 1 2 

‘-1.88? 

3 *• . 96 2 

*’2.20 5 

36. 304 

*' 2 .521 

36.639 

52.830 

3 6 . 9 f 1 6 

■ 3 . 1 3 < 

37.286 

5 3.22 7 

37 . 386 

*■ 3 . 22 7 

3 7 . 306 

‘ • . 4 30 

37 . 6 ^ 1 ' 

5 3 . 72 I 

3 7 . 92 ” 

*•4.007 

3 8 . 2 8 

*4.287 

3 8 . *■ 2 3 

*4,563 

30,^93 

54.833 

39,277 

55.098 

39. 356 

55.359 

I*.!, 62 9 

55,616 

3‘7 . 098 

55.868 

40.16* 


9.568 

10.870 

12.19? 

1 3.534 
] 4 , R96 

16.277 

16.877 

17.877 

18.732 

20.232 
21 . 7 32 
2 3.? 32 

24 . 732 
26. 2 32 

27.732 
28.0 . 7_ 

“39.077 
5 0.232 

41.732 

43.232 
U4 . 732 
55 . M* r 

45, <47 

46. 

-7. 7 i2 
4 9.2-'. 


-56.046 
-56.500 
-56.498 
-56. 389 
-56.237 

-56.047 
-56.047 
-55.835 
-55*622 
-55.408 
-55.1 89 

-54.968 
-54 , 742 
-54 . 5! 2 
-54.276 
-54 .034 

-5 i . 78(3 
-53,6/6 

- 5 2 * 6 7 6 
-52.476 
-52.1 14 
-51 .805 
-51.487 

- 51 , 1 80 
-60,88*. 
-*’ 0.601 
5 0 . 5 3 7 __ 
- 39 . *>3 7 
-3V. 129 

- 19.067 

-38,816 

- 38,5 7 ^ 

- 38. MfiO 

-44 . 880 
-44. 726 
-44 ,4.68 

-4*.. 2 10 

- 43.952 
-‘• 5.696 
-43.440 
-‘. 3 . 185 
-•♦2.9 31 

-42.677 

-42.424 

-42.171 

-41.919 

- 4 1 . r> 6 0 

-4 1 . 4 j 

- 1 * I b6 
-40,9)4 
-4 0. 666 
-40.4:6 

- 40.167 

-39.918 

- 39.6 70 


-56, 04 6 
-50.124 
-50.084 
-4 7.96 1 
-45.872 

-43.815 
-5 3,815 
-4 I , 794 

- 19.803 

- 37,830 

-35.890 

-33,979 

- 32.081 
-30.202 
-28.340 
-26,496 

-24,669 
-2 3,880 
-23.886 

“ 2 2 . 8 9 3 

-21,163 

-19.451 

-17.755 

-16.077 
-17.713 
-12. 760 

- i- 2 , 0 7 3 
-12.073 

-I 1 .408 

- I 0 , 3 3 1 

-9,187 
-8.051 
-7.591 
- 7.591 
6 . 7 B 9 

>.4 35 
4,099 

-2. 763 
-1.441 
-0.124 
1 . 1 80 
2.4 39 


INF INITE 
36.740 
36.485 
26.204 
20.050 

15.959 

15.959 

13.0<>6 

10.873 

9.186 

7.845 


79. ’'06 - 39,097 

79. ;"'f, -.'01 .670 

8C. 7 32 -2, ■ . 54 2 

82., 32 -20 . <62 

83.732 .01.188 

85.2 32 - 201 .01 9 

86-712 -200.856 


80.2^2 -200.698 

89.732 -200.545 

91.232 -200.306 

92.732 -200.252 

04.2 32 -200. I 12 


10.150 

11.4-3 3 

1 2.65 
1 “‘.OOv- 

1 5 . 1 3 3 

16.366 
17.591 
1H.H12 
20.031 
. 1.240 

2 1.555 
: 1 . 5 5 5 

2 4 , 5 ? 3 

2'J. 0 30 

3 3 . 4 *> 7 
37,084 
42.299 

46.719 
M . 1 3 3 
5 5,5 56 
55 . 966 
64, 373 


31 Pfccmbrr 196J 
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NIOBIUM NITRIDE (NbN) 


(CONDENSED PHASE) 


gfw » 106. 918 
10. 5 c«l degK'lgfw-^ 


AWf298. 15 * 5 gfw“^ 

Tt ^ 164J°K 
- 2323^K 
H298. 15-Ho " 

= 8. 69 4 5. 40 X lO’^T cal dagK'^gfW'^ 

= 10. 7391 ♦ 1. 9847 x 10“^T cal degK“'gfw*^ 
eg = 15. 0 cal degK’^gfw"^ 

Structure 

Low-temperature form ie hep. Abdve 1643^K« it la consider to be fee. 

Heat of Formation 

Based on combustion data of Mah and Geliert. ^ 

Heat Capacity and Entropy 

Low -temperature data estimated. Data from 298. 15*^ to 600^K based on 
Kelley. ^ Data above 600^K estimated. 

Melting and Vaporisation 

He»ts of transition and melting estimated. 

References 

1. Mah, A. D. and N. L. Gellcrtv J. Am. Chem. Soc. 78, 3261 (1956). 
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NIOBIUM NITRIDC (NbN) fCOMDCNSeD OhASC I GFW • 106.91S 

summary of uncertainty estimates 


®298. 1 5 
AH^ ^1.0 kcal gfw*^ 

AHyf^ 11.0 kcal gfw*^ 

298. 15°K< T< 600®K 
600OK< T< 16430K 
1643®K< T< 6000®K 






_c*I/ •* ff 
a 

o 


n ; 

^Kc! V* 

. o 

T.*X 


s 



<Ft 

- H2„|/T 


AK, 

298.15 

4 

0.500 

4 

1 .000 

4 

1.800 

4 0.000 

4 0. 400 

600 

± 

0.500 

4 

1 .350 

4 

1.898 

4 0.151 


600 

* 

1.000 

4 

1.350 

4 

1.898 

4 0.151 


1000 

± 

1.000 

4 

1 .060 

4 

1.310 

4 0«55l 


1641 

4 

1.000 

4 

2.157 

4 

1 .610 

4 1.194 


1641 

4 

2.000 

4 

2.966 

4 

1 .610 

4 2.194 


2000 

4 

2.000 

4 

3.359 

4 

1.905 

4 2.908 


2121 

4 

2.000 

4 

3.658 

4 

2.120 

4 3*554 


2321 

4 

2.000 

4 

5.380 

4 

2.128 

4 7.554 


3000 

4 

2.000 

4 

5.892 

4 

2.922 

4 ••900 


4000 

4 

2.000 

4 

6.467 

4 

3.740 

410.900 


5000 

4 

2.000 

4 

6.913 

4 

4.332 

412.900 


6000 

4 

2.000 

4 

7.278 

4 

4*793 

414.900 
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TABLE Ifeb 


DlNlOBtUM NITRIDE CONDENSED PHASE 


NNb2 


Raier«nc« Stat« for Calculating AHJ . A FJ , and Log K : Solid Nb from 0* to 274 1*K, 
Liquid Nb trom 2741* to S03l*K, Caaeoaa Nb from ^031* to 6000’K; 
Gaaeoufi N^. Solid Nb^N from 0* to 2673* K 




c«l/“r .1. 


T,"lt 

p 

6 

0 

0.000 

0.000 

INFINI Te 

79fi. 1* 

16.130 

19.000 

19.000 

300 

16.138 

19.100 

1 9.000 

400 

16.547 

2 < . 798 

19.630 

^00 

16.956 

27.534 

20.056 

600 

1 7.364 

30.662 

22.21/ 

700 

17.773 

33.369 

2 3 . 3 a 

800 

18.182 

35.769 

2‘^.00 7 

900 

18.591 

3 7.935 

2 6. 3'>5 

10 00 

19.000 

39.914 

27,5»16 

1000 

19.000 

39.914 

27. 5B6 

1100 

19.209 

41.735 

28.791 

1 200 

19.418 

41.416 

29.941 

1 300 

19.628 

44.978 

3 1 . 0 3 H 

14 00 

19.817 

46.440 

32.007 

1 r.Gn 

20.046 

47.816 

33.090 

1600 

20.255 

49.117 

34.05 i 

1 70 0 

20.464 

‘0.351 

34,974 

1 ftOC 

20.6 7<4 

5 1 .526 

3‘ .86 1 

1 90 C 

20.883 

*2.650 

36. 71 5 

2 00 0 

2 1 .092 

53.726 

3 7.539 

PlCC 

'1.301 

54 , 760 

■‘8.315 

? 2 0 0 

2 * . *. 1 0 

‘5.756 

39, 104 

2 3 00 

21 . ^20 

56.717 

39.849 

2400 

21.929 

^ 1 . 646 

40. 57 1 

2 4 00 

22.1 38 

58 . 5s 5 

s i . 2 7 1 

2 62 0 

22.34; 

59.41 ? 

41.554 

26 7 1 

2 2 . ‘ C ^ 

63.C30 

42.439 






- ”298 

AHj 


I.**! Kp 

-2.938 

-59.874 

-59.074 

INFINITE 

0.000 

“60.500 

-53.975 

39.563 

O.O30 

-60.498 

-53.934 

39.289 

1 .664 

-b0.4l 3 

-51 .756 

28 .270 

3.3 09 

-60. 307 

-49.608 

21 .682 

5.05 5 

-60. 1 06 

-47,478 

17.293 

6.812 

-60.048 

-45.372 

14.165 

8.610 

-59.090 

-43.2B4 

1 1 .824 

10.448 

-59.736 

-41 .218 

10.009 

12.328 

-59.557 

-39.1 70 

8.560 

12.328 

-59.557 

-39.1 70 

B.560 

14.238 

-59.375 

-37,1 39 

7,378 

16.1 70 

- 59 . 1 95 

-35.127 

6.397 

10.122 

-59.021 

-33.128 

5.569 

20.095 

-50.951 

-31.141 

4.661 

?2.090 

-58.680 

-29.169 

4.250 

24.105 

-58.51- 

-27.206 

3.716 

26.141 

-58.1 0 

-25.257 

3.247 

28. 197 

-58.1 82 

-23.1] 5 

2.831 

30.275 

-58.019 

-21.380 

2.459 

32.374 

-57.055 

-19.455 

2. 126 

34.494 

-5 / .69 1 

-17.540 

1 .825 

36.634 

7.520 

-18.934 

1.881 

38.796 

-5 36* 

-13.731 

1 . 3 O 5 

40.978 

-5 7. 20? 

-11. 040 

1 .070 

4 _* ♦ 1 fl t 

-57.037 

-9.951 

0.070 

45 . 4 O 6 

-56.873 

-8.07? 

0.679 

47.04 1 

-56. 753 

-6.701 

0.540 


1 


i 


n Dcirmbrr 1 


HLS 


2-179 



TANTALUM NITRIOK (laN) 


(CONDENSL'D PHASE) 


gfw 194. 95d 


IS " “S9. 9S kcal 

T - 5jhl‘^K 
m 

HS9H. l«i-Hg = l.779 k.al k^v"* 


- 16.0 kcal ^^w"^ 


* 7. 7J * 7. 80 X 10' 'l cai (legK' *gfw- * 

298. is'^K^ r< iooo‘"k 

Cp - IS. 53 cal deg K"^gfw“^ 

1000^’K < T' 3 

Cp ^ IS. 0 cal deg K-i 

3 36 3^'Kc bOOO^K 

Structure 


TaN has an hexagonal structure and a 

limited homogeneity range. 

Heat of Formation 



Dat^ of Mah and GcUert^ uli^htly »lierrtl. 

Heat" Capacity and Entropy 

Low-temperature data estimated. Data from 298. 1 to 1 OOO^^K use 
Kelley^ equation which is extrapolated above 77 3*^K. Data .Lbi)\e 1 000‘’K 
estimated. 


Meltln^^ and Vaporization 

Heat of melting estimated. 

Refe rences 

1. Mah, A. D. an<i N. L. G-Uert, J. Am. Chein. Soc 78, )2bl (I9S»>), 

2. Kelley, K. K. , U. S. Rur. Mlnes.Bull. SH4 (I960). 

TANTAlUN NITBIOC (T«N) (CeNOeNSED PHASE I CfW • 19A*<>S8 

SUMMARY 0F uncertainty ESTIMATES 
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DITANTALUM N1TRIDE(T*2N) ( CONDENSED PHASE) 

15 * ^ gfw’* 

Tm = 3000°K 

^298 15 “^0 3. 163 kcal gfw“* 

C® = 16. 845f0. 0042I93T-I . 6868x1 O^T'^cal degK* *gfw' * 

C® = 22. 5 cal dtfgK'^gfw'* 


gfw « 375. 908 

®298. 1 5'^^- ® degK’^gfw"^ 
22. 0 kcalgfw"^ 

298. 15‘’K < T< JOOO^^K 
5000‘^K< T< 6000®K 


Structure 

Ta 2 N has an hexagonal structure and a variable homogeneity range. 

Heat of Formation 

Calorimetric value of Mah^ used. 

Heat Capacity and Entropy 

Low -temperature data estimated. High-temperature data reported by 
Pears recomputed assuming Ta 2 N rather than TaN, See volume 1, this 

work (section IVB27. 3. 2) for details. 

Melting and Vaporigaaon 

Heat of fusion estimated. 

References 


1. Mah, A. D. , J. Am. Chetn. Soc. 3872 (1958). 

2. Pears, C. D, . et ASD TOR 62- 765 (January 1 963). 


uil tantalum NlTRIOt U'azN) ICflNDeNbEO PHASE I 

NUMMARY 0F uncertainty ESTIMATES 
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■» 7 . 1 J 9 

, oor 

I t. ,v^00 

P •« , ' / 5 

’ 7 . 82 9 

<.000 

1 (>.."" 0 

PP . t AOi 

2 P . 2 P H 

<.100 

1 5. -'nr 

p ^ . ; 9 p 

5 ’ 

<♦200 

IP. ^0 * 

P5 . 5f'C 

>9. 

<♦ TOO 

1 p . ' > r 0 

P P . J *' 7 

■* , PP P 

<♦<.00 

1 P.noo 

P 7< . T ' 

2 '..82 A 

<♦ 0 1 

IP. '00 

<4 /. , P P 

^2.1 97. 

<♦#,00 

IP. 00'’ 

P 7 . 0 i (' 


<♦700 

1 p .000 

P 7 . T R 0 

10.91 1 

<»fl00 

] p.ooo 

P / . 71 7 

A 1 . 2 ^ 

<♦900 

1 P .000 

PP . Op 7 

» ; . 9 -7 7 

500r 

1 P.'-)00 

PP . ■< 7 A 

1 1 .929 

5 100 

1 P.OOO 

<♦ R . 7. P 7 

^2 . 25m 

5, '*00 

1 p,(’00 

PP .9-Jp 

t 2 . 5 7 1 

S TOO 

1 P .000 

<4 « , T ■: 2 

^ 2 • 8P6 

s<.00 

1 P.Of'O 

P9 . (i0 2 

1^.19' 

*1 ^or 

1 P.COO 

P 9 . P 9 P 

1 J , p p p 

S600 

1 P .000 

0 . 1 P ' 

< 3 . 7 0 9 

5 700 

1 P.OOO 

50 . P6 7 

3P, 080 

SPOO 

1 7, .000 

50. 7P5 

IP. -^bP 

5900 

1 p .000 

5 1 . 01 fl 

IP .6‘«P 

6000 

1 p.ono 

51.287 

1 P , 9 2 0 


" 2 ■ 

_Kc*l/n(w. 




»*T »*'79« 

ah; 

af; 


-1 . iiO 

- 7 9 . 8 / P 

- 7 9 , H 7 p 

INF INITE 

o.ooo 

-80. 750 

-73.900 

5P .167 

0 . 0 i ^ 

“ 80. 751 

-73.857 

5 '3. 00? 

0.99P 

-80, 7P2 

-71.558 

39.095 


-07). 557 

-69.2 70 

30.277 

3 . 2 2 3 

-80. 5P3 

-67.003 

2P .PC5 

P • P0 9 

-80. P 1 8 

-6P. 757 

20.?i7 

5.7,1 3 

-80.292 

-7^2 . 5 28 

17.081 

7. .8P 3 

-80.167 

-60. IIP 

IP • 6p 6 

8.090 

-80. OP 7 

-58,1 1 5 

1 2 . 700 

9.15^ 

- 79 . 9 12 

-55.928 

11.111 

: 0 . 0 5 P 

- 79.8 70 

-5P.72H 

10.355 

1 0. 05P 

-80. 820 

- 5 P . 7 2 8 

10.355 

1 0 . 7, A 0 

-00. 771 

-51.713 

9.782 

,1.919 

-80.556 

-5 1 .P61 

R . 6 5 1 

1 A . 2 2 1 

-80.56 P 

-P9.220 

7-683 

1 P . 5 3P 

• 8 C • P " 6 

-P6 . 9H6 

6.8P5 

1 5.859 

-no, 7A 

-MP . 757 

6.113 

1 7 . 1 9P 

-80. ./ 7 7 

- P 2 . 5 ■» P 

5,p68 

1 8.5P0 

-00.186 

-P0.316 

P . 895 

1 9 . 897, 

-80.098 

-38. lOp 

P.383 

2C. 5 70 

-80. 0" P 

-16.799 

P . 1P7 

20.570 

“8 3 . 7 5p 

- 36.999 

P . 1P7 

2 1 . 27,, 

-fl 1.686 

- 3 5 . B A 1 

3.91? 

2 2.7, 3 9 

-B3. 539 

-3 3.P10 

3.P77 

2P .02< 

-H"*. 3R5 

- 3 P . 3 2 7 

3,P10 

2 • P , 2 

-R '. 22 ? 

-28 .6P9 

2.722 

■’6.8 2 9 

-H .052 

-26.282 

2.393 

2 1 . 2 <4 * 

-8. .873 

- 2 3 . '7 1 9 

2.091 

2 9 . ^ 7 2 

- 8 2 . 7' 8 /♦ 

-21.565 

1.813 

3 1.10 7 

- 8 2 . P « 8 

-19,217 

1.555 

3 2.5 5 '♦ 

-82.28.' 

-16.875 

1.317 

P . A H 

-73 2 . 069 

- 1 P , 5PP 

1 .096 

^ 5 , ; » 

- 8 i , 8 P 7, 

- 1 ? . 2 2 1 

0.890 

X/ . VP R 

-8 1.6’ ‘ 

-9,907 

0.698 

.<.-3 2 

-81 . 37 • 

-’.595 

0.519 

- 8 . 7 7 P 

-*31.31' 

-7,066 

0 . P 7 9 

5 » . 7 rp -6/> .*17 

-7 , xA56 

0.P79 

' - . OOf' 

-67>.0p * 

-5,650 

0. 37p 

*. f . /, A /, 

- 7, 5 . 6 8 P 

-3,820 

0 .2P6 

‘ 0 - 2 '0 6 

-55. 3 < P 

- 2 , 0 1 p 

0.126 

'.9.0v 6 

-65.157 

-1.113 

0.069 

5 9 . 0 0 tj 

- i 6 7 . 6 1 P 

-1.113 

0 .069 

• 9,806 

-16 7.PP2 

1.233 

-0.075 

(' 1 . P 0 <' 

-157. 107 

5. TIP 

-0. 3P9 

fi 3 . 0 0 6 

-166. 790 

lO.'^H'- 

-0.609 

/ M . 6 0 (» 

1 66 , P0" 

1 . 2 p 8 

-0 . a5p 

1,7 . 2' 

- l56.i9P 

1 V . 905 

-1 .080 

7. 7 , M''< 

-1 65, -'*16 

2 P . 5 p 

-1.309 

7 9 . (, 

'0 

29.200 

-1.519 

’ 1 . AC6 

-165,^9'* 

3 3 . 8 3 P 

-1 .720 

72.606 

-165. 1 56 

/■ . p6 0 

-1 .911 

■' P • 2 0 /■> 

-16P.925 

, ,000 

-? .093 

7 5. 

-17xP. 705 

P7. 7 12 

-2 .267 

7 7.P0f> 

- I 6p . P96 

5 2 . 3 2 1 

-2 .4 3 3 

79.005 

-16P.2 97 

56.938 

-2.592 

80. 50^ 

-16P. 107 

6 1 , Spp 

- 2 . 7 P 5 

8 2 . 20<‘ 

- 1 6 "3 , 9 2 5 

66. 1P5 

-2.891 

8 3.n07i 

-16 3. 75^ 

70 . 7P0 

-3.032 

09 , <,07, 

-16 3, 580 

75. ipp 

-3.166 

rt 7.00^ 

-163, Pll 

''9.9P 1 

-3.296 

08.60" 

-163.281 

0 P . 5 2 5 

-3,P21 

90. '05 

-163. 1 37 

89.115 

-3.SP 1 

9 I • HOtx 

- 163.000 

93.701 

-3.657 

9 1 . P C 5 

-162.860 

98.281 

-3.760 

9 5 . 00 7j. 

-16.A. 7Pl 

102.866 

- 3.0 76 

9f, .7,0 6 

-162.619 

1 07 .pp8 

- 3.980 

9a . 2x15 

-162.501 

112.016 

.000 


Decemb^l9bi ^ ^ HLS 
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TITANIUM NITRIDE (TiN) (CONDENSED PHASE) 

AHf298. 15 = -80- '^50 kcal gfw-^ 

Tm = 32230K 

^298. 15 -Ho = l* 310 kcal gfw‘^ 

= 11. 91 + 0. 94 X lO'^T -2. 96 x lO^T'^cal degK'^gfw' 
Cp = 16. 0 cal degK"^ glw*^ 


gfw ^ 61 , 908 

®298. 15 * degK'*gfw"* 

A = 15. 0 kcal glw‘* 

298. 15®K < T< 3223°K 
3223®K< T< 6000°K 


Structure 

TiN has a cubic structure (NaCl type) with a wide homogeneity range. 

H eat of Formation 

Combustion data of Humphrey^ modified to be consistent with present compi- 
lation. 

Heat Capacity and Entropy 

Low-temperature data from Shomate. ^ High-tempcrature data of Naylor^ 
valid to 1738®K extrapolated to melting point. Data above melting point estimated. 

Melting and Vaporization 

Heat of fusion estimated. 

References 

1. Humphrey, G. L. , J. Am. Chem. Soc. 7 3 , 2261 (1951). 

2. Shomate, C, H. , J. Am. Chem. Soc, 68 , 3l0 (1946). 

3. Naylor, B. F. , J, Am. Chem, Soc. 370 (1946). 
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TABLE t7Q 


/.IRCONIUM NITRIIJJ. 


CONDENSED PHASF: 


Refcrtinro SUl** for Calculatino '\H? i it 

Solid 7t from 0* to ZIZI'K it ^ *^P’ 

,, t> ilZ5 K. Liquid Zr from 21 2S* to 4644 ‘K. 

.a.eou. Zr from 4644* to 6000-K; r.dB^o.is N,; 

Solid ZrN from 0* to 3261* K, 

^Liquid ZrN from 32S1* to 6000" K. 


nf»,. 


- 'N r 'o — ^ 

Hi - Hj, 


4 6C0 

. 0*' 

ttfiUU,'’' 

<.700 
<.ft00 
4 900 

?>00C 


0.000 

0.000 

9.666 

9.290 

9,6 93 

9.350 

10.697 

12.293 

1 1.252 

I 4 . 744 

1 1 .6 10 

16.831 

1 1 .'725 

18.647 

12.175 

20. 2*^6 

1 2 • 400 

21 . 703 

1 2.60fl 

23.02C 

1 2.006 

?4 .?3 1 

1 ? . fl 7 ^ 

24.634 

12.073 

24.634 

12.997 

2 5.3 5 4 

1 1 . 1 fl2 

26.402 

1 3 . '64 

2 7.38*^ 

1 3.s<.<. 

26.313 

13.721 

29.1 <3 

1 1 .896 

3 0.030 

’4.071 

■‘0.02 < 

14.244 

3 1 . 6 , r. 

14.417 

'»? .330 

14,609 

3 A .037 

1 4 . M ? 

3 3.210 

14,637 

3 3.210 

14. /f.*-' 

•’3.720 

1 4 . ' -7 A I 

34 , 3H0 

15.10? 

15.019 

15.27/ 

3 5 , 6 1 9 

1 5.443 

36.241 

15.612 

3< . 82 / 

15,702 

3 / , 3'.^fi 

1 ' . 9 5 2 

3 7,956 

16.121 

30,499 

1 6.290 

39.030 

1 6,4*.'- 

39,550 

16.549 

3 9.02 1 

"1 6.00''’ ■ 

^5 .96'/ 

1 6.000 

46 . 1 9 / 

1 / .000 

46,7 76 

1 6.^00 

47.140 

1 6.003 

4 / .591 

16.^0'^ 

40 .029 

1 6. 0(^0 

40 , 45fe 

1 6,uOC 

4»' . 07 1 

U. . 5 0 0 

49.277 

1 6.000 

49.672 

1 6 . 000 

50.057 

1 6.00,3 

50,434 

16.000 

50.801 

1 6.00(3 

51.161 

1 6.000 

51.513 

16,000 

M .665 

1 6.000 

51 .665 

16.000 

5 1 .05 7 

16.000 

52 . 1 *74 

16.000 

52.524 

16.000 

52,847 

16.00C 

53.164 

1 6 .000 

‘.1,4/4 

16.000 

53,779 

16.000 

54,070 

1 6.000 

54.372 

1^.00*'' 

54.660 

16.000 

‘. 4.943 

16.000 

55.2.’2 

16.000 

55.495 

16.000 

55 , 764 


infinite 

'J.poo 

'■<.290 

9.605 

10.4S9 

1 1 . 1 
1 2.766 
M. 166 
i 4.0 3^. 

1 4 

1 •' .666 
16.917 
1 6 . 5 W 
16.42/ 

17.165 

17,041 

1 H . 5 1 0 

19.166 
19,773 
20. 366 
20.93/j 
21.40/ 

22.221 
22.161 
22.151 
22.53 ; 
23.038 
23.624 

2 ■'.996 

24.466 
24 . 903 
26.339 
25.764 
26.100 


“ H 6 . 5 2 6 
-07.300 
-07.299 
-0 f.254 
-07.179 

-07.091 
-86.999 
-06.907 
-06.0 I B 
-86. /30 

-06.645 

-06.616 

-07.630 

-97,464 

- 9 7 . .1 5 1 

- 9 7 . / , 4 

7.00 3 


16.057 
17.430 
1 B.036 
20.252 
21 .605 

23.135 
23.501 
2 3.601 
24.603 
O.087 
27.509 
29. lOB 


-05.931 
-85,070 
-90. 7 70 
-90. 593 
-90. 343 
-90.077 
-09.795 

-89,497 
-89. 1 84 
-00.064 
-00.509 
-90. 1 4B 


26.506 J8.577 -87 , i 

26.903 40.214 -07.3 - 

2 7,190 . 1 .009 -07,161 

~27.1v0'“' "61.089 " -67.161“ 

27,469 61.841 -6< 991 

20.017 63.441 -66.638 

20,567 65.041 -66.204 


29.079 

2 9 . 0 6 
30.^77 

00. 54 3 

3 1.016 


33.647 
3 3.71 fl 
^3.710 
3^.933 
34,310 
34,670 
36,0^9 

35, 391 
35.736 
36.073 
36.404 
36.728 

3 7.046 
3 7.36 7 
3 7.663 
3 7.963 
38.267 


02.641 

83.346 

83. 346 
84.241 
85.841 
87.441 
89.041 


98.641 
100.241 
101 .841 
103.441 
1 05.04 I 


-65.930 

-65.577 

-65.224 

-64.87? 

— 64.6. ,1 

-64. 1 69 
-63.81 B 

— 6 3 • 6 8 
-63.118 
-62. 769 

-62.420 
-62.265 
-197. 719 
-197.5 79 
-197. i3? 
-1 ^7.091 
-196.854 

-196.623 
-196.397 
-190.1 76 
-195.950 
-195.743 

-195,533 

-195.326 

-195.120 

-194.918 

-194.718 


-86.526 

-00.477 

-0^.434 

-78.151 

-75.884 

-73.633 
-71 . 397 
-69,1 75 
-66.964 
-64 . 762 

-62.570 
-61 .005 
-61 .005 
-60.333 
-58,077 
-55.830 
-53.593 

-51.365 
-49, 147 
-46.939 
-44,743 
-42.557 

-40.304 
-40.337 
-40.337 
-41 ,345 
-35. 664 
-33.293 
-30.931 

-28,580 
-26.248 
-23.922 
-21 .605 
-19.308 

-17.018 
-14,743 
_-l 3.54 3_ 
-13.543 
-12.768 
-11.13 0 
-9,502 


INFINITE 

58.980 

50.594 

42.698 

33.167 

26.820 
22 .290 
1 8.097 
16.260 
14.153 

12.431 
1 1 .900 
11.900 
10.988 
9.763 
0.715 
7.808 


0.479 1 

0.371 

0.269 

0.173 

0.082 

-0.003 

-0.004 

-0.162 

-0.235 

-0.304 


7.79 3 
8.467 
8.467 

10.949 

15.382 

19.016 

24,235 

28.651 

33.070 

37.483 

41.887 

46.287 

50.690 

55,086 

59.475 

63.864 

60.253 


3t December 1963 
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ZIRCONIUM NITRIDE (ZrN) ( CONDENSED PHASE) gfw -lOS. 228 

^^1298. 15 " ^ 8*''^"* ®298. 15 ' cal dt-gK * *nfw 

Tin = 32530K ° 8*^'*' * 

”298. 15-”0 = ^-575 kcal g/w-l 

C° = 11.10+1. 68x 10-^T-l. 72x lO^T'^^cal dogK'^gfw'^ 298. 1 50K<T< 125iOK 
eg =16. 0 cal degK"* gfw* ^ 325 3«K< T< 6000°K 

Structure 


ZrN has a cubic structure isotypic with NaCl. It has a fairly wide 
homogeneity range. 

Heat of Formation 

Based on the work of Mah and Gellert, ^ but in agrccirient with Neumann 
et al^ and Smagina et al. ^ 

Heat Capacity and Entropy 

The low- temperature data of Todd"* used. High - tempo raturc data of 
Coughlin and King^ extrapolated to melting point. 

Melting and Vaporization 

Melting ’emperature by Agte and Moers. 

References 

1. Mah, A. D. and N. L. Gellert, J. Am. Chem. Soc. 2^, 3261 (1^S6). 

2. Neumann, B. £t_£2! Anorg. Chem. 2 1 8 , 579 (1 934). 

3. Smagina, Z. I. £t_al, Dokl. Akad, Nauk SSSR 1 1 5 , 3 54 (1 957). 

4. Todd, S, S. , J, "Am. Chem. Soc. 7_2, 2914 (1950). 

5. Coughlin, J. P, and E. G, King, J. Am. Chem. Soc. 7 2 , 2262 (195()). 

6. Agte, C. and K. Moers, Z, Anorg. Chem. 1 98 , 239 (1931). 
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TABLE 171 


NITROr-.KN 


rf.ferencf. state 


T."ic 


0 

?9B. 1 
300 
400 
500 

600 

700 

BOO 

900 

1000 

1 1 00 
1?00 
1300 
1400 
1500 


Reference State 
HaBruui 


Calculating mi;, a FJ. and lx.g 
Dia tomic N2 from 0* to 6000" K. 


-r*l ''"K gtw 


^ — tCrml/gIm 

m?98>^t ah; 


0.000 

o.ooo 

6.961 

45.771 

6.961 

45.614 

6.991 

47.820 

7.070 

49.388 

7.197 

50.687 

7.351 

51 ,806 

7.513 

52.800 

■'.6 70 

53.695 

7.615 

54.510 

7.945 

55.261 

8.061 

55.958 

8.162 

56.607 

8.250 

5 7.215 

8.328 

57.787 


IMFINITC -P.672 

<•5.771 0.000 

^^.771 0.013 

46.045 0.710 

46.562 1.413 

47.144 2.126 

^y»7iP 2.853 

48.305 3.596 

46.855 4.356 

49.380 5.130 

49.081 5.918 

50.359 6.719 

50.815 7.530 

51.251 8.351 

51.667 9.180 


1600 

8.396 

58.327 

52.06 T 

10.016 

1 700 

8.456 

.638 

52.450 

] 0*858 

1 POO 

8.509 

^9.322 

52.819 

11.707 

1 900 

8.555 

59.784 

53.173 

1 2.560 

2000 

8.597 

60.224 

53.51 5 

13.416 

2100 

8.635 

60 • 644 

*'3,844 

14.279 

2200 

8.668 

61.047 

51.163 

15.144 

2 

8.698 

61.433 

54,471 

16.013 

2400 

8. 726 

61 .803 

54.768 

16.884 

2500 

8.751 

62.160 

55,057 

17,758 

2600 

9. 7 74 

62.504 

55.337 

18.634 

2 700 

8 , 795 

62.835 

55.608 

19.513 

! 2 800 

8.814 

63.156 

55.872 

20.393 

• 2900 

8.832 

63.465 

56.129 

21 .276 

! 3000 

1 

8 . 84S> 

63 . 765 

56.378 

22. 160 

j 3100 

8 « 865 

64.055 

56.621 

23.045 

1 3200 

8.879 

64.337 

56.858 

23.933 

; 3 300 

8.893 

64.610 

57,009 

24.821 

1 3400 

8.906 

64.876 

57.314 

25.711 

1 3500 

8.91 8 

65.134 

57.534 

26.602 

1 3600 

8. 930 

65.386 

57.748 

27.495 

3 700 

8.941 

65.631 

57,958 

28.388 

3800 

8.951 

65.069 

56.163 

29.283 

3900 

6.961 

66.102 

58.364 

30.178 

4000 

6.971 

66.329 

5 8.560 

31 .075 

4 1 00 

8.960 

66.551 

58.752 

31 .973 

4200 

8.909 

66.767 

58.941 

32.871 

4300 

8.998 

66.979 

59.125 

33.770 

4400 

9.006 

67.186 

59. 306 

34 .671 

4500 

9.014 

6 7.388 

59.483 

35.572 

4600 

9.0 22 

67.587 

59,657 

36.474 

4700 

9.030 

67.781 

59.828 

37.376 

4800 

9.038 

67.97’ 

59.996 

38.280 

490C 

9.045 

68.157 

60.161 

39.184 

5000 

9.053 

68.340 

60. 322 

40.009 

5100 

9.0 60 

60.520 

60.461 

40.994 

5200 

9.068 

68.696 

60.638 

41.901 

5300 

9.075 

60.868 

60.792 

42.008 

5400 

9.083 

69.038 

60.943 

43.716 

5500 

9,090 

69.205 

61.091 

44.624 

5600 

9,098 

69.369 

61 .238 

45.534 

5700 

9,105 

69.530 

61 . 382 

46.444 

5800 

9.113 

69.669 

61.524 

47. 355 

5900 

9.122 

69.844 

61 .664 

48.267 

600C 

9.1 30 

69.998 

61.80 \ 

49.1 79 


May 1962 


L-H Kp 


RCF 
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NITROGEN {N^) 


(REFERENCE STATE) 


gfw 3 28 . 016 


A HfQ 3 0. 0 kcal gfw'* A Hj' 298 . 15 = 0-0 kcal gfw'* 

Ground State Configuration - ^298. 15 “ 45.771 cal degK" gfw 

”298. 15 - ”0 = 




MITReCCN (N^) PREFERENCE STATE* GFW ■ .IH.oif) 


SUMMARY 0F uncertainty ESTIMATES 
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TABLE 172 


SILICON NITRIDE 


CONDENSED PHASE 

Reference SUte for CalcuUting AHJ, AFJ, and Ix>g K : 
Solid SI from 0* to lf.90*K. Liquid SI from 1690* to 3S6^*K. 
CaaeouB SI from 3S6(»* to 6000*K; Caaeoua N 2 ; 




r.l/'’|t Hi 

« 


Kral/gf_ 



T.'*K 




r « 

”t - 

ahJ* 

af;^ 

Lof Kp 

0 

0.000 

o.ooo 

INriMf Tf 

-5.590 

-175.147 

-175.147 

INP iNiTf 

?9e.i ^ 

30.900 

25.600 

25.600 

0.000 

*-176.000 

-152.208 

111 ,624 

)00 

30.941 

25.791 

25,601 

0,057 

-175.996 

-152.141 

1 l0«a29 

400 

32.544 

34,935 

26*036 

3.739 

-1 75.732 

-*144.220 

78,799 

500 

33.542 

62.311 

2 9 . 2 1 7 

6.54 7 

-1 75.477 

-136.303 

59,610 

600 

34.304 

40.496 

31.929 

9.940 

-1 75.232 

-128.587 


700 

34.963 

5 3.0 34 

34.605 

1 3.404 

-1 74,995 

-120.832 

37,724 

000 

35 .‘.42 

50.540 

37.379 

16.929 

-1 74,771 

-113.111 

30-899 

900 

36.097 

62. 750 

39,960 

20.511 

-174.560 

-105,416 

25-597 

1000 

36.629 

66.509 

42,442 

24,147 

-1 74.359 

-97,743 

21-361 

1 100 

37.140 

70.105 

44 • 799 

27.836 

-174.163 

-90,091 

17.899 

1 ?00 

37.657 

73.359 

47.045 

31.577 

-173.971 

-82.458 

15.017 

1 300 

3fl.l60 

76.393 

49.107 

35. 360 

-173.776 

-74.838 

12.561 

1400 

30.65 7 

79.239 

51.233 

39.209 

-173.570 

-67.234 

IO.495 

1 500 

39.151 

01 .923 

53.191 

43.099 

-1 73.377 

-59,647 

8.690 

1 600 

39.642 

04.466 

55.066 

47.039 

-1 73.164 

-52.069 

7.112 

1 690 

40.003 

06.647 

56.691 

50.626 

-1 7/ . 965 

-45.268 

5,054 

1600 

40.003 

06.647 

56.691 

50.626 

-200.015 

-45.268 

5.854 

1 700 

40.1 31 

06.804 

‘ 6.060 

51 .077 

-200.789 

-44,299 

5.695 

1 flOC 

40.6 19 

09.191 

50.609 

55.065 

-200.550 

- 34,626 

4,204 

1900 

41 .105 

91 .400 

60.768 

59.151 

-200. 31 1 

-24.971 

2,872 

?onc 

1.590 

91.571 

61.078 

63.706 

-200.043 

-15.320 

1 ,675 

2100 


95.567 

63.414 

67.469 

-207. 727 

-5,703 

0,593 

2?00 

47.557 

9 7.511 

64.939 

71 . 701 

-207.373 

-9,288 

0,923 

7 300 

43,040 

99.433 

66 , 398 

75.900 

-206.977 

13,504 

-1 .203 

2400 

43.577 

101 .775 

67.013 

00. 308 

-206.539 

23.078 

-2.101 

7500 

44 ,n04 

103,061 

59.1 0 7 

04.685 

-206.055 

32.617 

-2.053 

7600 

44.405 

1 04 . 797 

70.524 

09.109 

-205.531 

42.176 

-3,545 

2 70C 

44,966 

1 06,484 

71 .974 

93.507 

-204.961 

51.608 

-4.184 

7000 

4*. • 44 7 

100.178 

73.092 

90. 103 

-204. 340 

61,162 

-4,775 

7900 

45 . 77P 

109, 7 >7 

74. 3?fl 

102.671 

-203.691 

70.657 

-5 . 325 

3000 

47, . 470 

111,7.7 

7 ‘ , 5 3 4 

107.700 

-202. 790 

00.107 

-5,836 

3100 

46,009 

1 1 7.076 

76.717 

111.953 

-202.240 

09.530 

-6.312 

3700 

4 7 « 3 7, 9 

114.373 

77 . 064 

116. 66 6 

-201 .451 

90.931 

-6.756 

3 3'^n 

47.849 

115.780 

70.997 

171 .477 

-20^ -.ll 

100. 305 

-7,172 

3400 

■, M . < 7 9 

1 1 7 . 7 7 3 

00,095 

, *'6.736 

-199.’ 3 

117,650 

-7,563 

3 4 0r 

4 H , 0 0 9 

118.631 

01,176 

; 31.097 

-1 90, “ 

126,981 

-7,929 

356*' . J 7 

4 9,1 7‘. 

: 1 9. 54 1 

01 .075 

1 34 . 31 3 

-190.164 

133.092 

-8.157 

366'> . 7 r 

i.9. 1 74 

119.541 

0 1 ,0 75 

1 3t. . 31 3 

-u7 ^ , 649 

131,09? 

-0.157 

3600 

49 .700 

170.01 1 

07 . 736 

1 15,997 

-472.141 

1 30,903 

-0.432 

3 700 

49, 780 

J 7 j . 3 7/1 

03.276 

! 40. 95^^ 

-4 70.627 

155.860 

-9.2C6 

?Pon 

50.747 

1 77 . 70 3 

04,795 

1 45.9*- 1 

-467.072 

172.772 

-9.945 

3900 

‘>0.777 

174.015 

0 5,79? 

; 51 .00c 

-467,469 

1 0 . 6 ^ 7 

-10.626 

400'' 

5 1 . 706 

1 7‘>. 

0 6.7 0 i 

1 56. 0-#' 

-465.020 

r06.4 7 2 

-11.201 


31 December 1963, 
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gfw = 1 40. 302 

^298. 15 = 25. 6 caldegK-*gfv/-l 

298. 15°K T < 4000“k 


a - ^^ 3^4 probably hexagonal as is ^ - Si^N^ • 

Heat of Formation 

Based on dissociation-pressure measurements of Pehlke and Klliott. ^ 

Heat Capacity and Entropy 

JLow-and high-temperature data estimated by Pehlke and Elliott. ^ An 
equation derived based on their data and extrapolated. Experimental enthalpies of 
Neel et al^ somewhat larger than the estimated values used here. 

Melting and Vaporization 

Si^N^ considered to sublime rather than melt. 

References 

1. Pehlke, R. D. and J, F, Elliott, Trans, AIME 21 5 , 781 (1959). 

2. Neel, D. S, et^^, WAD TR 60-924 (1962). 


SILICON NITRIDE (S 13 N 4 ) (CONDENSED PHASE) 

AH ?298 = -176. 0 kcal gfw'^ 

T . , . . = 2170°K 

sublimation 

^ 298 . 15 "^0 “ kcal gfw 

C® = 32. 074 f 0. 0047867T - 0. 23122 x I O^T’-^cal degK' ^gfw‘ ^ 
Structure 


SiLlCfN NiTPlOf (Si^N^) ffiNDfNSfO PHA'it »• G^W • 

SUMMAPy «r UNCEPTAIMTY ESTlMATf*; 




, 

• 



rr— 

T.'’K 


■^T 


T ' 

T 

Hj H 

298.15 

^5.000 

* A .000 

\ 

A. 000 

* 

0.000 

500 

i 5.000 

* 6.585 


A. 56 7 

* 

1.009 

1000 

A 5.000 

* 10.051 


6.5A2 

* 

54309 

1500 

1 5.000 

* 12.078 

i- 

8.072 

* 

6.009 

U90 

±5.000 

± 12.67a 

± 

8.557 

* 

6.959 

2000 

A 5.000 

* 13.517 

« 

9.262 

* 

$4509 

2500 

*5.000 

* IA.632 

±10.229 

* 11.009 

5000 

* 5.000 

* 15.5AA 

*1 

l.OAl 

* 13.509 

3500 

* 5.000 

* 16.315 

*1 

1 .7A1 

* 161009 

3565. T7 

± 5.000 

± 16.A08 

*11 «826 

* 16.338 

AOOO 

A 5.000 

* 16.982 


2.355 

* 18.309 
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TABLE 173 


NIOBIUM 


REFER EMC fc STATE 


Refcrenci* State for 

Calculating AH5. aF^ 

and Ix>g K 



l.lquid Nb from 2741* 

to S032*K. 

Caaeoua 



gf 



T.^K 




r .. 

»*T - ”798 

0 

0.000 

0.000 

lNFiNr7f: 

>1 .264 

P 9ft • 

15 5,966 

9.000 

9,000 

0.000 

300 

5.968 

9.037 

9.000 

0.011 

600 

6.066 

10, 761 

9.235 

0.61 1 

500 

6.160 

12. 120 

9.660 

1 .220 

600 

6.2 36 

13.268 

10,166 

1.839 

700 

6.332 

16.216 

10.692 

2.467 

ftOO 

6.628 

15.068 

11.187 

3.105 

900 

6.526 

15.631 

11.661 

3.753 

1000 

6.620 

16.523 

: 2 . 1 1 3 

4*410 

1100 

6.716 

17.159 

12.566 

5.077 

1200 

6.812 

1 7.767 

12.953 

5.753 

1 300 

6.908 

lfl.296 

1 3.36 3 

6.439 

1600 

7.006 

18.812 

13.716 

7.1 35 

1500 

7.100 

19.298 

16.07? 

7.860 

1600 

7.196 

19. 759 

14.61 3 

8.555 

1 700 

7.29? 

20.199 

16.760 

9.279 

1 BOO 

7.368 

20.618 

15.055 

10.01 3 

1 900 

7.686 

21 .020 

15.359 

10.757 

?000 

7.580 

2 . .606 

15.652 

11.510 

2100 

7.676 

21.779 

15.935 

12.273 

2200 

7. 77? 

22 . 1 38 

16.208 

I 3.065 

2301/ 

7.868 

22.686 

16.676 

1 3.827 

2600 

7.966 

22.822 

16.731 

14,61 9 

2500 

8.060 

23.169 

16.982 

15.620 

2600 

8.156 

23,667 

1 7.225 

16.231 

2 700 

8.252 

21.777 

1 7.662 

17.051 

2761 

8.291 

23.902 

17.557 

17.390 

276 1 

6.000 

26.2 17" 

17,557^' 

23.790 

2fl00 

8.000 

26,607 

17.762 

24.262 

2900 

6.000 

26.686 

1 8.066 

25.062 

^OOC 

8.000 

26.959 

1 8, 338 

25.862 

3lCv'> 

8.000 

27.221 

18.621 

26.662 

3 200 

8,000 

27, 6 7*. 

18.893 

27.662 

330C 

8.000 

27.721 

19,157 

28-A62 

3600 

8,000 

27.960 

1 9.41 3 

29.062 

3500 

8.000 

28,19? 

19.660 

79.862 

3600 

8.000 

28 .61 6 

19.900 

30.662 

170C 

6.000 

20.617 

20.133 

31 .462 

jflOO 

8.000 

20.850 

20. 360 

32.262 

3900 

P.OOO 

29.058 

20.580 

33.062 

6000 

8.000 

29.260 

20. 795 

^3.862 

6 100 

8.000 

29.658 

21.004 

34 * 662 

6200 

8.000 

29.651 

21 .20 7 

35.462 

6300 

8.000 

29,839 

21.406 

36.262 

6600 

8.000 

30.023 

21.600 

37.062 

6500 

8.000 

30.203 

21 .789 

37.862 

6600 

8.000 

30.379 

21.976 

38.662 

6700 

P.OOO 

30,551 

22.156 

59,462 

6B00 

0.000 

10.719 

22. 331 

40 . ?62 

6900 

8,000 

30.886 

22.506 

4 1 . 062 

500C 

8.000 

31 .066 

22.673 

41 .862 

5031 . 

,58 8.000 

31 .062 

22.71 3 

62.115 

503 1 . 

,58 “"fl.600 

6 1. 393' 

>2.71 ■»" 

«’ 0** * 68 0 

5100 

8.660 

63.510 

2 3.260 

205.277 

5 200 

8.695 

61.670 

?6 , 0 3e> 

206. Ih4 

5300 

8. 769 

6 3, 86*. 

r*.. 78 5 

:07.oi6 

5600 

8.800 

66.008 

2''. 510 

207.893 

5500 

8.848 

66.170 

26.21 1 

208.776 

5600 

8.895 

.330 

26.S90 

209.665 

5 700 

8.939 

fi*i .688 

27,568 

210.565 

5 ft 00 

8.981 

66.6^6 

28.187 

211.453 

5900 

9,071 

66.790 

28.806 

212. 31/ ; 

600r 

9.059 

66.950 

29.60 1 

21 3.255 


_ Kr.l/,f. 

Am" 


Log Kp 


15 March 1963 


HLS 


Nb 
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NIOBIUM <Nb ) 


(REFERENCE STATE) 


gfw « 92. 91 


0®Kto274l®K CryaUl 

274 1®K to 5032®K Uquid 

503 2^K to 6000*’K Ideal Monatomic Gaa 


AhJo . 0 

^**•298. 1$ ’ 171. 836 Kcal gfw~^ 
J * 2741®K 
T|j s 5031 58°K 

«298.19-»0’ ‘ 


^»?298.l»*» 


^298. 15 ^ 9. 0 cal degK'* gfw’* 

a 6. 400 A 1. 000 Kcal gfw'* (EatdJ 
Ah^ » 162. 57 3 Kcal gfw"* 


C® * 5. 66 ♦ 0. 96 X 10“ cal deg”* gfw"* for 298. 15®K T ^ 2741®K 
C® » 8. 00 ± 2. 0 cal deg'* gfw- » for liquid (2^41®K jE- T ^ 5032"K) (Eatd. ) 


Structure 


Solid haa a B. C. C. type atructure. 


Heat of Formation 

Zero by definition. 


Heat Capacity and Entropy 

Entropy at 298. 15^K from Kelley and King * Htgh-temperature data of Kelley waa 
extrapolated. 


Melting 

Temperature of fuaion from Schofield ^ Heat of fuaion eatimated by Kelley^ and by 
Stull and Sinke ^ 


Heat of Sublimation 


Data of Speiaer et al 


5 


waa uaed. 


Referencea 


1. KcUey. K. K. and E. G. King, U. S. Bur. Mlnea, Bull. 592 (1961) 

2. Kelley. K. K. . U. S. Bur. Mlnea. Bull. 584 (1960). 

3. Schofield. T. H. . J. Inat. Metala 85. 372 (1957). 

4. Stull. D. R. and G. C. Sinke. Thermodynamic Properttea of the Elementa (1956). 
5 Speiaer. R. . P. Blackburn and H- L Johnaton. J Electrochem Soc. 106 . 52-3 

(1959). 


NiefilUM (Nb) (RCFCRENCE STATE) GFW - 92.91 

aUBHAWf Sf 0WCEHl*tHtt. EStlHATES 


T.-K 

s 


-<Ft - H 29 ,)'T 

Ht-H, 

296«15 

60*100 

60.600 

60.600 

60.000 

1006 

6 0*300 

60.660 

60*609 

60*170 

?000 

60*500 

60*925 

60*660 

* 0*570 

2761 

6 1.000 

61.129 

60*762 

61*061 

2761 

6 2*000 

6 1 *696 

a 6*762 

62*061 

3006 

6 2.000 

61*676 

60*816 

62*579 

6000 

6 2*000 

62.250 

* 1*165 

66*579 

5060 

6 2*006 

6 2*696 

6 i • 380 

a 6*579 

5031.58 

6 2*000 

62*708 

6 1*388 

* 6.662 
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TABLK 174 


KIOBIUM IDKAL MONATOMIC CAS 

Referrncr SUte for Calculating AHJ, AFJ, ^nd l>og K : Solid Nb from 0* to 274 1 'K. 
Liquid Nb from 2741* to S0I2*K. Gaaeoua Nb from 5032* to 6000*K. 


cal/^Kgl* Kcl/gfw. 


T.*lt 




Uj - 

/ o e 

ahJ 

A 

af/ 


0 


0.000 

0.000 

imfinitc 

- 1 .997 

1 71 .103 

171.103 

infinite 

298 * 1 ^ 

300 

7.208 

7.208 

66.692 

66.537 

64.692 

66.492 

0.000 

0.013 

1 71.636 
171.838 

161.256 
161 .188 

- 118 . 19 ? 

- 117.420 

•lUU 


7.086 

66.597 

44,774 

0.729 

171 .954 

157.620 

- 86.116 

500 


6.893 

68.157 

65.301 

1 .628 

1 72.044 

154.026 

- 67.321 

600 


6.706 

69.397 

65.686 

2.108 

172.105 

150.616 

- 54.786 

700 


6.561 

50.616 

66.661 

2.770 

172.139 

166.798 

- 45.830 

800 


6.602 

51 .262 

67 .dll 

3.617 

172.148 

163.177 

- 39*112 

900 


6.285 

52.029 

67.528 

6.051 

172.136 

139.556 

- 33.887 

1000 


6.186 

52.686 

68.012 

6.676 

172.100 

135.937 

- 29.708 

1100 


6.103 

53.272 

68. 666 

5.289 

I 72.068 

132.326 

- 26*^89 

1 ?oo 


6.035 

53.800 

68.887 

5.895 

1 71.978 

128.716 

- 23.641 

1 300 


5.981 

56.280 

69.283 

6.696 

171.893 

125.1 14 

-21 .032 

1600 


5.961 

56.722 

69.656 

7.092 

171.793 

121.520 

- 18.969 

1 500 


5.915 

55.131 

50.008 

7.685 

171.681 

117.932 

- 17.182 

1600 


5.903 

55.512 

50. 360 

8.276 

171.557 

114.353 

- 15.619 

1700 


5.906 

55.870 

50.655 

8.866 

171 .623 

1 10*781 

- 16.241 

1800 


5.918 

56.208 

50.956 

9.457 

IT .280 

107.218 

- 13.017 

1900 


5.965 

56.528 

5 1 .239 

10.050 

171.129 

103.664 

- 11.923 

2000 


5.986 

56.836 

51.51 1 

10.666 

1 70.972 

100.117 

- 10.940 

2100 


6.036 

57,127 

51.772 

1 1.267 

1 70.810 

96.579 

- 10.051 

2200 


6.096 

57,409 

52.022 

1 1.853 

1 70.646 

93.046 

- 9.243 

2 300 


6.166 

> 7.682 

52.262 

12.666 

1 70.675 

89.524 

- 8.506 

2600 


6.262 

57.966 

52,693 

13.086 

170. 303 

86.007 

- 7.832 

2500 


6*328 

>c .202 

57.716 

13.715 

1 70 . 1 31 

82.500 

- 7.212 

2600 


6.619 

58.652 

52.932 

16.352 

169.957 

78.997 

— 6 .640 

2700 


6.516 

58.696 

53.161 

16.999 

169.786 

75.502 

- 6.111 

2761 


6.556 

58,795 

53.225 

15.267 

169.713 

74.070 

- 5.906 

27 <.l 


6.556 

58.795 

53.225 

15.267 

163. 313 

74.070 

- 5.906 

2800 


6.616 

58.935 

53. 366 

15.655 

163.229 

72.150 

- 5.631 

2900 


6.719 

59.169 

53.561 

16.322 

163.096 

68.901 

- 5.192 

3000 


6.825 

59.399 

53.732 

16.999 

162.973 

65.653 

- 4.783 

3100 


6.931 

59,626 

53.919 

17.687 

162.861 

62.613 

• 6.400 

3200 


7.038 

59,866 

56.100 

18.385 

162.759 

69 . 1 72 

- 6.041 

3300 


7.166 

60,066 

56.270 

19.095 

1 62.669 

55.937 

- 3.704 

3600 


7.250 

60,279 

56.651 

19.616 

162 588 

52.706 

- 3.388 

1500 


7.356 

60.691 

56.621 

20.565 

1 9 

69.673 

- 3.089 

3600 


7.656 

60.699 

56,787 

21 .285 

162 . '9 

46.266 

- 2.807 

3700 


7.555 

60.905 

56.969 

22.036 

162.610 

63.016 

- 2.541 

1800 


7.652 

61.106 

55.109 

22.796 

162.370 

39.791 

- 2.288 

3900 


7.767 

61 .308 

55,265 

23.566 

1 2.360 

36.566 

- 2.069 

6000 


7.838 

61 .505 

55.619 

26.365 

162.319 

33.361 

- 1.822 

6100 


7.926 

61 . 700 

55.569 

25.133 

162.307 

30.118 

- 1 .605 

6200 


8.011 

61 .892 

55.718 

25.930 

162.306 

26.891 

- 1.399 

6300 


8.093 

62 .C 81 

55.863 

26.736 

162.310 

23.669 

- 1 .203 

6600 


8.172 

62.268 

56.007 

27.569 

162. 323 

20.645 

- 1.015 

6500 


8.24i7 

62.453 

56.146 

28.370 

162.366 

17.220 

- 0.636 

6600 


8.320 

62.635 

56.287 

29.198 

162. 372 

13.995 

- 0.665 

6700 


8 . 39 C 

62.814 

56.424 

30.036 

162.608 

10.766 

- 0.501 

6800 


8.656 

62.992 

56.559 

30.876 

162.650 

7.541 

- 0.363 

6900 


6.520 

.167 

56.692 

31 .725 

162.699 

4.314 

- 0.192 

5000 


8. 581 

5- .339 

56.823 

32.560 

162.556 

1.086 

- 0.067 

5031 . 

5031 • 

5100 

5200 

5300 

5600 

5500 

5600 

5 700 
5800 
5900 
6000 

58 

58 

8.600 

8.600 

8.660 

8.695 

8 . 7^9 
8.800 
6.866 

8.695 

8.939 

8.961 

9.021 

9.059 

63.393 

63.393 

63.510 

63.678 

63.864 

64.008 

66.170 

66.330 

66 . 6 P 8 

66.664 

64.798 

64.950 

56.864 

56.864 

56.953 

57.081 

57.207 

57.331 

57.454 

57.575 

57.695 

57.814 

57.931 

58.046 

32.851 

32.851 

33.661 

36.300 

35.180 

36.057 

36.960 

37.827 
38.719 
39.615 
60.515 
61 .419 

162.572 

0.000 

- 0.000 


14 Mtrch Hk£. 
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NIOBIUM, MONATOMIC (Nb ) 


(IDEAL GAS) 


gfw = 92. 91 


Ah£o = 171. 103 Kcal gfw"* 

6 


Ground State Configuration 
»298.15-»0= ^ 


-1 


AH° 29 g ,5 = 171. 836 Kcal gfw"* 
$ 298 . 15 “ 492 cal degK"* gfw"* 


Electronic Levels and Multiplicitiea 
All energy levels listed by Moore^ 


Heat of Formation 


Vapor-pressure data of Speiser ^ ^ were used. 


Heat Capacity and Entropy 


Calculated using the monatomic gas program. 


References 


1, Moore, C. E. , Natl. Bur. Standards (U. S. ), Circ. 467, Vol. 2(1952). 

2. Speiser, R. , P. Blackburn and H. L. Johnston, J. Electrochem. Soc. 1 06, 
52 (1959). 


NISfilUM* MSMATSMIC (Nb) (IDEAL GASi 

SUMHARY UNCERTAINTY eST IMATES 


GEW ■ 92,91 


.cal 'K g(«- 


T."IC 



-'Ft - 

«t - 

298.16 

*0.001 

*0.002 

*0,003 

*0.000 

1000 

*0.000 

*0.C01 

*0.003 

*0.000 

2000 

*0.000 

*0.003 

*0.003 

*0.001 

1000 

*0.001 

«0.003 

*0.003 

*0.001 

4000 

*0.002 

*0.003 

*0.003 

*0,002 

6000 

*0.002 

*0.004 

*0.003 

*0.004 

5031.68 

*0.002 

*0.004 

*0.003 

*0.004 

6000 

*0.003 

*0.004 

*0.003 

*0«006 
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TA BLE 17 5 


NIOBIUM MONOXlOE condensf:d phasf: 

Reference State for Calroiating ^ h/. A f'/. Log K • Solid Nb from O’ to 2741’K. 
Liquid Nh from 2741 to 50 32’K, Cianeous Nb from S032’ to 6000* K, Gaseous O^, 
Solid NVjO from O’ to 22I8’K, Liquid N»>0 from 221H’ to 6000’K. 


^ -»•!' K afw- . - -- - 


0 

0.000 

0.000 

INFINITF 

29«. 15 

9.660 

12.000 

12.000 

300 

9.675 

12.061 

1 2.000 

4»00 

10.491 

14.994 

12.396 

500 

10.902 

17.361 

13.162 

600 

1 1 .232 

19.399 

14.037 

700 

1 1.525 

21.153 

14.931 

900 

1 1.798 

22.710 

1 5-008 

900 

12.058 

24.114 

16.654 

1000 

12.312 

25.396 

17.465 

1100 

12.560 

26.583 

16.241 

1200 

12.606 

27.687 

16.983 

1 300 

13.049 

28. 721 

1 9.692 

140C 

13.290 

29.697 

20. 372 

1 500 

13.530 

30.622 

21 .025 

1600 

1 3.769 

31.503 

21.653 

1 700 

14.006 

32 • 345 

22.257 

1600 

1 4 . 246 

33.152 

22,840 

1 900 

14.463 

33.929 

23.403 

2000 

14.720 

34.676 

23.949 

2100 

14.957 

35.402 

24.477 

2200 

15.194 

36.103 

24,989 

2216 

15.236 

3 6 . 2 2 7 

25.080 

2218 

15.000"’ 

4 2.088 ' 

25.080 

2300 

15.000 

42.633 

25.696 

2 4 00 

15.000 

43.271 

26.415 

2500 

15.000 

43.084 

27,102 

2600 

15.000 

44.472 

27.759 

2700 

1 5.00C 

45.038 

28. 388 

2 74 1 

15.000 

45 .264 

28.639 

2741 

15.000 

45 .264 

28,639 

2600 

15.000 

45.583 

28.993 

2900 

1 5,000 

46.110 

29.574 

300v0 

15.000 

46.618 

3C.134 

310C 

15.000 

47. 1 1C 

30.673 

3200 

15,000 

47.586 

31.195 

3300 

1 5.0OC 

48 . 0<«8 

'• 1 .696 

1 3400 

1 5.000 

48.496 

3 2 . 1 6 fj 

3500 

1 5,000 

48.931 

32.658 

3600 

15,000 

49.353 

33,116 

' 3700 

15.000 

4.9 . 764 

3 3 . 560 

3800 

1 5.000 

4r . 1 64 

33.992 

1 3900 

15.000 

5C.554 

34.412 

4000 

1 5.000 

5 T; , 9 3 4 

’44.820 

1 

4100 

15.000 

51.304 

3 5.218 

1 4200 

1 5,000 

••1 .665 

35,bC5 

; 4 300 

1 5,000 

52.018 

35,903 

4400 

15,000 

* 2 . 36 3 

36. 351 

j 4500 

15.000 

52.700 

36.71 1 

t 4600 

1 5,000 

53.030 

37.062 

1 4700 

15.000 

‘‘1.353 

37.405 

4600 

1 5.000 

‘■3.668 

3 7.740 

4900 

15.000 

53.976 

38.06V 

1 5000 

15.000 

54.261 

3F. 390 

5031 .58 

15,000 

54.375 

38.490 

5031 .5B 

1 5.000 

54.375 

38.490 

5100 

15.000 

‘■4.578 

38.704 

5200 

15.000 

5«i .869 

39.01 2 

5300 

1 5.000 

55.155 

39, 314 

5400 

15,000 

55.435 

39.610 

5500 

15.000 

55.710 

39.901 

5600 

I 5.000 

55.981 

40.185 

5 700 

15.000 

56 • 246 

40.465 

5600 

. 100 

56.507 

40.739 

5900 

I' .00( 

56.763 

41,009 

6000 

• .«*» '• 

-.7.016 

41.273 


-1 .000 

-97,190 

-97,198 

INFINITC 

0.000 

-97. 700 

-91.289 

66.913 

0.018 

-97.699 

-91.249 

66.472 

1 .039 

-97.633 

-89.108 

46.684 

2.110 

-97.537 

-86.987 

38.020 

3.21 7 

-97.427 

-84.887 

30.918 

4.355 

-97. 305 

-82.807 

25 .852 

5.521 

-97.1 76 

-00.744 

22*05t 

6.714 

-97.036 

-70.699 

19. lid 

7.933 

-96.890 

-76.668 

16*755 

9.176 

-96.734 

-74.653 

14.832 

10.445 

-96.565 

-72.654 

13.232 

11.737 

-96.387 

-70.668 

11 .880 

: 3.054 

-96.198 

-68.696 

10.723 

14.395 

-95.997 

-66.739 

9.723 

15.760 

-9* . 786 

-64.797 

8.850 

17.149 

-95.56? 

-62.867 

8.082 

10.562 

- 95 . 328 

-60.950 

7.400 

19.996 

-95.083 

-59.045 

6.791 

21 .459 

-94.825 

-57.156 

6.245 

22-943 

-94.557 

-55.27C 

5.753 

24.450 

-94.277 

-53.415 

5.306 

24.724 

-94.226 

‘<3.083 

5.230 

“37.724 

“-81 .22d 

-53.083 

5.230 

38.954 

-81 .013 

-52.044 

4.945 

40.454 

-80.766 

-50.791 

4.625 

41 .954 

-80-531 

-49.546 

4,331 

43.454 

-80. 308 

-48.312 

4.061 

44.954 

-80-097 

-47,084 

3.811 

45.569 

-80.014 

-46 .586 

3.714 

•*5.56 9 

-86.414 

-46.586 

3 47 14 

4(,.454 

•86.279 

-45,729 

3 • 569 

47.954 

-86.053 

-44,283 

3.337 

49.454 

-05.829 

-42.850 

3.121 

' C.954 

- 8 ... 6 

-41.415 

2.920 

52.454 

-85. jo • 

-39.999 

2.732 

•^ 3.954 

-e‘ . 1 ' 

-38. ‘<81 

2.555 

s5 .454 

-04.956 

-37.172 

2. 389 

56.954 

-84 ,743 

-35.769 

2.233 

56.454 

-84.532 

-34,374 

2.087 

59.954 

-84. 323 

-32,983 

1 .940 

6 1 *454 

-84,1 1 5 

->1 .597 

1.817 

62 . 954 

-83.910 

-30.220 

1 .693 

64.454 

-03.706 

-28.842 

1 .576 

65.954 

-83. ‘‘^4 

-27,475 

1 .464 

67.454 

-83.304 

-26. U 1 

1 .359 

68.954 

-83.105 

-24.751 

1 *258 

70.454 

-82.909 

-23.393 

1.162 

71.954 

-82.715 

-22.046 

I.07L 

73.454 

-02.523 

• ; 0.696 

0.983 

74.954 

•02.333 

.9.356 

0*900 

’6.454 

-82.147 

-16.013 

0.820 

77.754 

-81 .964 

-16.681 

0.744 

79.454 

-01.784 

-15.350 

0.671 

79.928 

-81 . 728 

-14.993 

04651 

79.920 

-244. 301 

-14.993 

04651 

80.954 

-244.224 

-1 1.872 

0-509 

82.454 

-244. 121 

-7.314 

04 307 

83.954 

-244.029 

-2.764 

O 4 I 14 

05.454 

-243.950 

1.790 

-0.072 

86.964 

-243.806 

6.33 5 

-0.252 

66.454 

-243.836 

10.887 

- 0.425 

89.954 

-243.804 

15.434 

•04592 

91,454 

-243.792 

19.991 

•O4753 

92.954 

-243.803 

24.536 

•04909 

94.454 

-243.839 

29.692 

-1 .666 


I 
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NIOBIUM MONOXIDE (NbO) 


(CONDENSED PHASE) 


gfw > 108. 91 


^”f298. 15 “ -97.7 kc«l gfw- ^ lb * \Z.0± 1. 5 c»l d«g R-^gfw*^ 

■ 2218*K A » I 3. 0 * 4. 0 kc»l gfw’ * 

^^98. 15-^S * 8'^'^ 

Cp* 10.04+ 2.35x 10-^T-0.783x 10^T“"^ cal deg K" * gfw* * 298. 15*K< T < 2218*K 

C* « 15.0 cal deg K* 'gfw -* 22 1 8*K j< T < 6000* K 


Structure 


NbO hae a cubic (NaCl type) lattice with ordered vacancies. 
Heat of Formation 


An average, rounded value based on two calorimetric and two equilbria 
determinations. ' 

Heat Capacity and Entropy 

LfOw temperature data estimated. High temperature data from Gel'd and 
Kusenfco^ up to 1800*K. Data at higher temperatures are estimated. 

Melting and Vaporiaatlon 

Melting temperature is from Elliott.^ Heat of fusion is estimated. 
References 


1. Kusenko. F.G. and P V. Gel'd. Isv.Sibirsk. Otd. A N. SSSR 1960 . 

No. 2. 46-52 (1960). 

2. Moroaova. M. P. and T. A Stolyarova, Zhur Ob Khim.30, 3048 (1960). 

3. L.avrent'ev, V. 1. . Y.l. Gerasimov and T. N Resukhina, Ookl. Akad. 
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5. Gel'd. P. V, and F.G. Kusenko. Uv. Akad Nauk SSSR O T. N. MeUi 
Top 1960 . No. 2. 79-06 (I960). 

6. ElUott. R. . Trans. Am.Soc. Metals 52. 990 (1960). 


NieeruM MeNenoe (NbO) (cewocNseo phasc i 

SUHW49Y ef UhCCPTAINTY CSTfMATC^^ 


orw ■ 159.91 








T.*a 


298.15 

1000 

1500 

1500 

2000 

2218 

2218 

3000 

4000 

5000 

6000 


40.500 
*0.500 
*0*500 
* 1.000 
t 1 *000 

* uooo 
* 2.000 
± 2*000 
* 2.000 

* 2.000 
* 2*000 


*1.500 

*2*105 

*2*306 

*2*308 

*2.595 

*2*699 

*4.502 

*5*106 

*5.682 

*6.128 

*6.493 


*1.500 
*1.754 
*1.907 
*1 *907 
*2.045 
*2.104 
*2*104 
*2*812 
*3*461 
*3*951 
*4*346 


* 0*000 
*0*351 
*0.601 
*0*601 
* 1*101 
*1*319 
*5*319 
*6*883 
*8*883 
* 10*889 
*12*883 


Kc *(i jifw— _ 

* 2.000 


Log Kp 
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1 MALE i J (, 


NIOBIUM MONOXIDE 


ideal molecular gas 


NbO 


rNb ,7or »:,*• ir.^rjiv****"* Nb f,o„, o- u. zi*rK. 


Ulquw Nb iron™ ^74.• u. SOirK, l^ViroZ ^fz^u. 6000-K “cl^ou. O 


Ga««oua NIaO. 






cbI/ 'K gf 

W 





t.-^k 



V 


/ .. 

“t - ”298 

ahJ* 

c\ 

L*f Kp 

0 

298*1 

lOO 

5 

0.000 

7*358 

0.000 

57,091 

INFINITE 

57.091 

- 2.099 

0.000 

46*219 

46*017 

46*219 

38*984 

infinite 

- 20*575 

400 



* 7,1 36 

57*091 

0.014 

46*013 

38*941 

- 28*367 

soo 


7.735 

6.034 

59,307 

61 ,067 

57*384 

57.950 

0 . 769 
1.558 

45*813 

45*628 

36*614 

34*335 

- 20*004 

- 15*007 

600 


8*254 

62*552 

58.597 

2.373 

45*446 

32.094 

- 1 1 *690 

700 


6*413 

63*837 

59.255 

3.207 

45.263 

29*683 

- *330 

800 


6*530 

64,968 

59*900 

4*054 

45.073 

27*699 

- 7*567 

900 


8*616 

65,978 

60.520 

4.912 

44*876 

25*539 

- 6 * 20 l 

1 000 


6.686 

66,690 

61*113 

5*777 

44*670 

23*400 

- 5*114 

1100 


8.739 

67.720 

6 1 .676 

6.649 

44*456 

21.285 

- 4*229 

1 200 


8.782 

66.463 

62.212 

7.525 

44.232 

19.188 

- 3*494 

1 300 


6*817 

69,167 

62.722 

8.405 

43.997 

17.110 

- 2*876 

1400 


6.647 

69,642 

63*207 

9.288 

43.752 

15.052 

- 2*350 

1 500 


8.872 

70.453 

63.670 

10.174 

43.498 

13.010 

- 1.896 

1600 


6*893 

71*026 

64.112 

11*062 

43 . a 3 

10.986 

- 1.501 

1 1700 


6*91 3 

71 *566 

64.535 

11.953 

42.958 

8.977 

- 1.154 

! 1800 


8*931 

72*076 

64*940 

12.845 

42.672 

6.987 

- 0*648 

1 1900 


8*947 

72.559 

65*328 

13.739 

42.375 

5.014 

- 0*577 

2000 


8.963 

73.018 

65.701 

14.634 

42.067 

3.057 

- 0*334 

i 2100 


6.979 

73.456 

66*060 

15,531 

41 • 746 

1.114 

- 0*116 

1 2200 


6*994 

7 3.8 7 <. 

66 * 406 

16.430 

41.419 

- 0.815 

0*081 

1 2 300 


9.011 

74.275 

66.740 

17.330 

41.079 

- 2.728 

0.259 

2400 


9.029 

74.656 

67.062 

18.232 

40. 728 

- 4.627 

0*421 

i 2500 


9.048 

75.027 

67.373 

19.136 

40.367 

- 5,507 

0*569 

; 2600 


9.069 

75.363 

67.674 

20.042 

39.996 

- 8 . 37 *» 

0*704 

1 2 700 


9.092 

75.726 

67.966 

20.950 

39.615 

- 10.228 

0*828 

1 2741 


9.102 

75.863 

66.083 

21.323 

39.456 

- 10.985 

0*876 

1 2741 


9.102 

75*663 

68*083 

21.323 

33.056 

- 10.985 

0*876 

, 2800 


9*118 

76.057 

66.249 

21*860 

32.843 

- 11*929 

0*931 

2900 


9*146 

76*377 

68.524 

22.773 

32 . 48 ? 

- 13*521 

1 *019 

, 3000 


9.177 

76.666 

68*791 

23.690 

32.123 

- 15.103 

1*100 

i 3100 


9.211 

76.989 

69.051 

24.609 

31.764 

- 16.670 

1*175 

! 3200 


9 * 24»6 

77.203 

69, 304 

25.532 

31.406 

- 18.231 

1*245 

{ 3 300 


9*266 

77.568 

69.550 

26.459 

31 .rvs > 

- 19.775 

1*310 

( 3400 


9 . 332 

77,046 

69.790 

.390 

30.696 

- 21.308 

1.370 

1 3500 


9.379 

76,117 

70.024 

20.325 

30. 341 

- 22.833 

1 *426 

1 3600 


V .429 

78.302 

70.253 

29.265 

29.995 

- 24.350 

1 *478 

; 3 700 


9,462 

78.642 

70.476 

30.211 

29.651 

- 25.855 

1 .527 

! 3800 


9,539 

70.895 

70.695 

31 .162 

29 . j 09 

- 27.351 

1 .573 

3900 


9,596 

79.144 

70.908 

32*119 

28.972 

- 28.838 

1 *616 

; 4000 


9.661 

79.386 

71.118 

33 . Cd 2 

28.639 

- 30.317 

1 *656 

1 4100 


9,726 

79,626 

71.322 

34.051 

28. 310 

- 31.785 

1 *694 

4200 


9.794 

79.863 

71.523 

35.027 

27.986 

- 33.250 

1*730 

• 4 300 


9,865 

60.094 

71.720 

36.010 

27.668 

- 34.703 

1 .764 

4400 


9*936 

60.322 

71 .913 

37.000 

27 . 35 " 

- 36.149 

1 .795 

4500 


10*013 

00.547 

72.103 

37.997 

27.045 

- 37.593 

1 .826 ) 

4600 


10*090 

60.768 

72.269 

39.003 

26*743 

- 39.023 

1*654 

4700 


10*166 

80.966 

72.472 

40 *015 

t -..444 

- 40.454 

1*881 

4800 


10*249 

61 .201 

72.652 

41.036 

26*152 

- 41.873 

1*906 

4900 


10.330 

61 .414 

72.829 

42.065 

25*864 

-4 <.288 

1*931 

5000 


10*413 

81 .623 

73.003 

3.102 

25.581 

- 4 ^ .696 

1 *954 

5031 • 

56 

10*440 

81*689 

73*057 

43,431 

25.491 

- 45.203 

1 *963 

5031 • 

58 

10*440 

61 *689 

73*057 

43*431 

- 137*081 

- 45*203 

1 *963 

5100 

10*497 

61.831 

73.174 

44*147 

- 137*314 

- 43.952 

1 *683 

5200 


10*582 

82*036 

73*343 

45*201 

- 137*657 

- 42.118 

1*770 

5300 


10*667 

82*238 

73 * 5 l 0 

46*263 

- 1 38*003 

- 40*286 

1 *661 

5400 


10*753 

82*439 

73.673 

47.334 

- 138*354 

- 36*434 

1*555 

5500 


10.839 

82*637 

73*835 

48*41 3 

- 138.710 

- 36*565 

1 *454 

5600 


10*925 

82*834 

73*994 

49.501 

- 139.072 

- 34*727 

1*355 

5 700 


11*012 

83*028 

74.152 

50*598 

- 139*443 

- 32.865 

1*260 

5800 


1 1 *098 

83*221 

74.307 

51.703 

- 139*826 

- 30.987 

1 * 168 

5900 


11*184 

83*412 

74,460 

52*816 

- 140*224 

- 29.108 

1 *078 

6000 


11.269 

83*601 

74.61 1 

53*939 

- 140.637 

- 27.219 

0*991 
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NIOBIUM MONOXIDE (NbO) 


(IDEAL MOLECULAR GAS) 


gfw = 108. 9i 


AH*q = + 46.219 kcal gfw* ^ 
Ground State Configuration 
^298. 15 - Hg * 2.099 kcal gfw“ ^ 


AHJ^^g 15 * ^ 46,017 kcal gfw*^ 
^298. 15 “ 57,091 Ccd deg“^gfw”^ 


j State 

g 

E 


“V »e 

[ 

-C V, i B, 


r- - ^ 

y, X w‘> 

X 1 0^ 

x^.\ 

4 

0.0 

989.03 

3.83 

0.4323 

0. 0024 

~1 

0.26 

C 

4 

15,400 

919. 5 

20.3 

! 0.41 

- 

- 

- 

B 

4 

18,280 

998. 

16.0 

0.41 

- 

- 

- 

a2n 

4 

21,385.3 

850. 48 1 

1 

1 

3. 37 

! 0.4003 

0.0020 

- 

0.30 

r 


Heat of Formation 

Bas>ed on work of Shchukarev et al, ^ 
Heat Capacity and Entropy 

Calculated using constants shown above. 
References 
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NISaiUM MSsexiOC <NbOi UDfAL MSlECULAR GAS) orw * 108.91 

SUMMARY »f uncertainty ESTIMATES 




_r.l/'>r gl 



T."K 

P 




?98-lS 

±1.000 

±1.000 

± 1 .000 

±0.000 ± S. 000 

1000 

±1.000 

±2*210 

±1.508 

±0.702 

2000 

±1.000 

±2.903 

±2.052 

±1.702 

3000 

±1.000 

±3.309 

±2.A08 

±2.702 

AOOO 

± 1 .000 

±3.596 

±2.671 

±3.702 

SOOO 

±1.000 

«■ 3.820 

±2.879 

±6.702 

6000 

±1.000 

±A.002 

±3.052 

±5.702 


2^200 



TABt.E 177 


NIOBIUM DIOXIDE 


CONDENSED PHASE 

RW.r.nc. SU,. ,o, C.lcuUMn, -•. .nd Lo, Kp: 
.-NbOz from O' to 1090-K, /) -NbOi Irom 1090* to 1200* 


NbOo 


. . Solid Nb from 0* to 274 1 'K, 

■Nb02 from 1090* to 1200"K, y -Nb02 from 1200* to 2270* K, 
Liquid NbO^ from 2270* to 6000*K. 


4600 

4700 

4800 

4900 

5000 

5011.58 

5011 -58 

5100 

5?00 

5500 

5400 

5500 

5600 
5 700 
5000 
5900 
6000 








— 

t.«k 

S 


- o \ 

'fT 


0 

298.15 

300 

400 

500 

0.000 

13*740 

13*768 

15.074 

16.192 

0.000 

13.030 

13.115 

17.262 

20.748 

infinite 

13.030 

1 3.030 

1 3.587 
14.679 

-2.222 

0.000 

0.025 

1.470 

3.0)4 

-189.083 
-190.200 
-190.199 
-1 90.064 
-189.840 

600 

700 

600 

900 

1000 

17.236 

18.245 

19.235 

20.215 

21.186 

23.793 

26.526 

29.027 

31.349 

33.530 

15.949 

17.268 

18.584 

19.875 

21 .132 

4.706 

6.480 

8.354 

10.327 

12.397 

-189.543 

-189.174 

-188.736 

-188.225 

-187.640 

1090 

22.060 

35.393 

22.233 

22.233 

22.366 

23.600 

23.600" 

24.784 

25.908 

76.977 

14.34) 
"15.063 
15.285 
17.505 
17.505' 
19.490 
21 .475 
23.460 


1090 

1100 

1200 

22.200 

22.200 

22.200 

36.053 ■“ 

36.256 

30.187 

-187. 049 
-186.329 
-186.258 
-165.562 
“-185.562 
-185.120 
-184*695 
-184.285 

1200 

1300 

1400 

1 500 

19.650 

19.850 

19.850 

19.850 

38.187 

39.776 

41 .247 

42 .617 

1600 

1 700 

1800 

1900 

2000 

19.850 

19.850 

19.850 

19.850 

19.850 

43.890 

45.101 

46.236 

47.309 

48.327 

27.995 

28.966 

29.894 

30.783 

31.635 

25.445 

27.^30 

29.415 

31.400 

33*385 

-183.892 
-183.514 
-183.152 
-182.805 
-1 82.473 

2100 

7200 

7270 

2270 

2 300 

2400 

2500 

19.850 

19.850 

19.850 

20.000 

20.000 

20.000 

20.000 

49.296 

50.219 

50.841 

57.449 

57.712 

58.563 

59.379 

12.453 

13.240 

33.773 

31.773 
34.683 
35.086 
36.041 

35.370 

37.355 

38.745 

53.745 

54.345 
^6*345 

58.345 

-182.157 
-101 .855 
_-l 81 .652 
-166.652 ' 
-166.563 
-166.277 
-166.006 

2600 

2700 

7 74 1 

7 74 1 

7800 

2900 

3000 

20.000 

20.000 

20.000 

20.000 

70.000 

20.000 
20.000 

60.1 64 
60.918 

61 .220 
61.220 

61. 646 
62.348 
63.026 

36.954 

37.820 

38.175 

38.175 

3 8 .665 
39.470 
40.244 

60.345 

62. 345 
63.165 
63.165 

64.345 

66. 345 
»8. 345 

-165.749 
-165.507 
-165.412 
-171 .812 
-171.660 
-1 71.408 
-1 71 .U- 

3100 

3200 

3300 

3400 

3500 

20.000 

20.000 

20.000 

20.000 

20.000 

63.661 

64. 3 U 
64.932 
65.529 
66.109 

40.989 

41.709 

42.403 

43.074 

43.724 

70.345 

72.345 

74.345 

76. 345 

78.345 

-1 70.91 ’ 
-1 70.679 
-170.444 
-176.214 
-169.988 

3600 

3700 

3800 

3900 

4000 

20.000 

20.000 

70.000 

20.000 
20.000 

66.67? 

67.220 

67.755 

68.273 

68 . 779 

44.354 

44.965 

45.557 

46.113 

46.693 

80.345 

82.345 
84i. 345 

86. 345 

88. 345 

-169.766 
-169.547 
-169.332 
-169.121 
-168. 9» - 

o o c o o 
o o o o o 

20.000 

70.000 
20.00C 

20.000 
70.000 

69.773 

69.755 

70.726 

;C.605 

71.135 

47.230 

47.768 

48.285 

48.789 

49.260 

90.345 

92.345 
94. 3*»5 

96. 345 

98. 345 

-168.709 
-168.509 
-I'.a. 312 
-166.120 
-167.931 


70.000 

20.000 
20.000 
20.000 
20.000 

20.000 

20.000 

20.000 

20.000 

20.000 

20.000 

20.000 

20. COO 
20.000 
20.000 
20.000 
20.000 


71 .574 
72.005 
72.426 
72.836 
73.242 

73.366 

71.366 
73.638 
74.027 
74.407 
74.701 
75.148 

75.509 

75.063 

76.211 

76.552 

74.889 


49.760 

50.229 

50.687 

51.135 

51.573 

51.710 

51.710 

52.002 

52.422 

52.833 

53.236 

53.631 

54.019 
64. 399 
54.772 
55.138 
55.498 


C. 34 5 

102. 345 

104. 345 
106. 34 5 

108.345 

108.977 
108.977 
1 10. 345 

1 12.345 
114.34^' 
1 16. 345 

118.345 

120.345 

122.345 

124.345 

126.345 

128.345 


-167.747 

-167.568 

-167.395 

-167.228 

-167.069 

-167.021 
-329.594 
-329.534 
-329.461 
-329.406 
-329. 371 
-329.359 

-379.373 
-329.41 7 
-329.497 
“329.618 
-329. 787 


-169.063 

-176.790 

-176.707 

-172.227 

-167.792 

-163.409 

-159.082 

-154.813 

-150.603 

-146.452 

-142.770 

-142.770 

-142.371 

-138.413 

-138.413' 

-134.503 

-130.624 

-126.777 

-122.957 
-119.160 
-115.385 
-II 1 .629 
-107.890 

-i04.l69 
-100.464 
-97.877 
' -97.877 " 
-96.967 
-93.950 
-90.940 

-87.942 

-84.957 

-83.734 

-83.734 

-81.837 

•76.634 

-75.441 

-72.248 

-69.077 

-65.902 

-62.734 

-59.577 

-56.426 

-53.285 

-50.140 

-47.008 

-43.876 

-40.755 

-37.635 

-34.519 

-31.408 

-.8.304 

-25.198 
-22.105 
-19.008 
- 1 5 . 9 
-12.830 

-1 1.921 
-11.921 
-7.600 
-1.284 
5.025 
1 1.339 
17.650 

23.955 

30.270 

36.592 

42.909 

49.230 


Log Kp 

INFlHlfC 

129«584 

126*725 

94*096 

73.339 

59*519 

49*665 

42*291 

36*570 

32.006 


28*625 

~^8«625 

28*285 

_25.207 

25.207 

22*611 

20.390 

16.471 


1 5 September 1963 


16.794 

15.318 

14.009 

12.840 
1 1.789 

10.841 
9.980 

_9.423 

9*423 

9*214 

8*555 

7.950 

7#392 

6*876 

6*676 

6*676 

6.3S7 

5.926 

5.496 

5.093 

4.717 

4.364 

4.032 

3.720 

3*425 

3*147 

2*884 

2*634 

2.397 

2.172 
1 *958 
1.754 
1 *560 
1.375 

1*197 

1*026 

0*865 

O.tlO 

0.561 

0.518 

0.518 

0.326 

0*054 

-0*207 

-0*459 

-0.701 

-0*935 
- 1.161 
-1.379 
-I .589 
-1 .793 

HLS 


2-201 


NIOBIUM DIOXIDE (Nb02) 


(CONDENSED PHiSSE) 


gfw • 124. 91 


^*^f298. 15 * ” ^ g*w" * 

Tt • 1090*K 
Tj * J200*K 
« ^^70•K 

”298.15'”0‘ 

Cp« I1.70 + 9.56X 10“^T-0.72x 10^T“^c 
« 22. 20 cal deg K* > gfw‘ 1 
CJ, « 19.85 cal deg K-^gfw** 

* 20^0 cal deg K-^gfw-1 
Structure 

Brauer^ reported that NbO^ haa a i 
atructure related to Chat of rutile. Oth< 

Heat of Formation 


^298. 15 “ K-*gfw-* 

AHt * 0. 720 kcal gfw* 

AHj = 0 

AH^ * J 5. 0 cal gfw”^ 

degK-lgfw’^ 298. 15*K< T < 1090*K 
1090*K i T 1200*K 
1200*K £ T£2270*K 
2270* K£ T £6000*K 

rrow range of homogeneity with a 
forma appear poaaible. 


Three calorimetric determinationa were recomputed. See volume 1, 
this study (aection IVB15. 4. 2) for details. 

Heat Capacity and Entropy 

Low temperature data from King. 5 Data from 298. IS to 1800*K from King 
and Christensen.^ Data above 1800*K are estimated. 

Meeting and Vaporisation 

Melting temperature la average of two determinationa. 

References 


1. Brauer, G. » Z. Anorg. Chem. 248 , 1<>31 (1941). 

2. Morozova M. P. and T, A. Stolyarova* Zhur. Ob. Khim. 30, 3848 (1960). 

3. Kusenko, F.C. and P. V. Gei*d. Izv. SibirOtd A.N.S.S. S. R. I960, No. 
2. 46-52 (1960). 

4. Mah, A.D., J. Am- Chem. So c 80. 3872 (1958). 

5. King. E.C. . J., Am. Chem. Soc.^, 1799 (1958). 

6. King. E.C. and A. U. Christensen. Bur Mines Rept 5789 (1961), 


NieeiUM DI4XI0€ (NbO^l creNDFNSCO PHASE » 

SUHHARY ^ uncertainty ESTIMATES 


GFW - l?4.9l 





cml/ 'K 

- ' 


T.*% 


St 

r 


298.15 

* 0.200 

*0.070 

40.070 

kO.OOO 

1000 

4 0.200 

4 0.312 

40.172 

40.140 

1090 

4 0.200 

40.329 

40.184 

46.158 

1090 

*0.500 

40.421 

40.184 

4 0.258 

1200 

4 0«500 

4 0.469 

40.206 

40.31 3 

1200 

4 1.000 

4 0.552 

40.208 

4 0.61 3 

1500 

4 1 .000 

40.77s 

40.300 

40.713 

2000 

4 1.000 

4 1 .063 

40.457 

4 1.21 3 

22T0 

4 1 .000 

4 1 .190 

40.536 

4 1 .683 

2270 

4 2.00C 

4 3.393 

4(5.536 

46.483 

3000 

4 2.000 

4 3.950 

4l .302 

4 7.943 

4000 

4 2.000 

4 4.526 

42.040 

4 9.943 

5000 

A 2.000 

44.972 

42.583 

411*96 3 

6000 

k 2.000 

4 5.336 

43.013 

413.963 
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TABIX i7fl 


NIOBIUM DIOXIDE IDEAL MOLECULAR GAS 


Nb02 


R«f«r«nc« Sut« for Calculating AM^, AP,*, and Log Kpi Solid Nb from O' to 274 1 'K, 

Liquid Nb from 2741* to 5032'K, Gaaaoua Nb from A032' to 6000' K; Gaaaoua O 2 ; Gaaeou* NIO 2 . 





gf 

m .. 


_ Keml/gtm. 



t.-k 


p 

4 



ahJ' 

Af/ 

l-og Kp 

0 

13 

0«000 

0.000 

INFINITE 

-2.691 

-30.403 

-30*603 

INF 1 Hite 

290* 

11*218 

61 *031 

61.031 

0.000 

-31.031 

-31.953 

38*080 

)00 


11*239 

61 .101 

61.031 

0.021 

-31.034 

-31*938 

37*830 

400 


12*314 

64.484 

61.483 

1.200 

-31.183 

-32.237 

28*340 

900 


13.236 

67.334 

62.377 

2.478 

-31.247 

-32.492 

22*943 

600 


1 3.986 

69.616 

63.415 

3.841 

-31 .239 

-52.739 

19*209 

700 


14.362 

72.018 

64.490 

3.270 

-31.233 

-32.989 

16*343 

600 


14.980 

73.991 

63.336 

6.748 

-51.193 

-33.241 

14*344 

900 


13*267 

73.773 

66.394 

8.261 

-51.142 

-33.301 

12*991 

lOOO 


13.432 

77.392 

67.594 

9.798 

-31.090 

-33.763 

11*730 

1100 


13.362 

78.871 

66.333 

11.349 

-51.043 

-34.034 

10.735 

1200 


13.619 

80.227 

69.470 

12.909 

-31.009 

-34.308 

9*890 

1300 


13.639 

81 .479 

70.346 

14.472 

-30*989 

-34.384 

9*176 

1400 


13.636 

82.638 

71.183 

16.036 

-30.983 

-34.860 

8*364 

1300 


13.618 

83.716 

71.983 

17.399 

-50.997 

-33.137 

8*033 

1600 


13.391 

84.723 

72.748 

19.139 

-31.029 

-33.413 

7.369 

1700 


13.339 

83.667 

73.481 

20.717 

-31.078 

-33.687 

7.139 

1600 


13.324 

86.336 

74.183 

22.271 

-51. 1,.? 

-33.936 

6.794 

1900 


13.489 

87.394 

74.836 

23.821 

-51.233 

-36.219 

6.466 

2000 


13.434 

88.188 

73.503 

23.369 

-31.340 

-36.477 

6.171 

2100 


13*421 

88.941 

76.125 

26.912 

-31.466 

-36.732 

3.904 

2200 


’ 5.390 

894637 

76.724 

28.433 

-51.608 

-36.980 

3.660 

2300 


13.360 

90.341 

77.302 

29.990 

-31.769 

-37.222 

3*437 

7400 


15.332 

90.994 

77.839 

31.525 

-31.948 

-37.437 

3.232 

2300 


13.306 

91 .619 

78.397 

33.057 

-52.143 

-37.681 

3*042 

2600 


13*262 

92.219 

78.917 

34.386 

-32.339 

-37.897 

4.866 

2700 


13.239 

92.793 

79.420 

36.113 

-32.590 

-38.106 

4.703 

2741 


13*251 

93.023 

79.622 

36.739 

-32.689 

-38.191 

4.640 

2741 


13.231 

93.023 

79.622 

36,739 

-59.089 

-58.191 

4.640 

2600 


13.238 

93.330 

79.908 

37.638 

-59.218 

-38.169 

4.340 

2900 


13.219 

93.884 

eO.381 

39.161 

-39.443 

-38.127 

4.380 

3000 


13.201 

94.400 

80.839 

40.682 

-39.674 

-38.077 

4.231 

3100 


13.183 

94.898 

81.283 

42.201 

-59.912 

-38.017 

4. 090 

3200 


13.170 

93.380 

81.718 

43.719 

-60.156 

-57.957 

3.938 

3300 


13.153 

93,847 

82.139 

45.233 

-60.403 

-37.882 

3*833 

3400 


13.142 

96.299 

82.349 

46.730 

—60 . 660 

-37.800 

3.715 

3300 


13.130 

96.738 

82.948 

48 , 764 

-60.9^0 

-37.712 

3.603 

3600 


13.119 

97.164 

83.337 

49.776 

-61.186 

-37.617 

3*498 

3700 


13.108 

97.378 

83.716 

31.287 

-61 *436 

-57.313 

3.397 

3800 


13.098 

97.981 

84.086 

52.798 

-61.730 

-37.401 

3*301 

3900 


13.089 

98.373 

84.448 

34.307 

-62.0,0 

-37.207 

3*210 

4000 


15.080 

98.733 

84.801 

35.813 

-62.294 

-37.139 

3.123 

4100 


13.072 

99.127 

83.146 

57.323 

-62.382 

-37.029 

3.040 

4200 


13*063 

99.490 

83.483 

58.830 

-62.873 

-36.089 

2*960 

4300 


13.038 

99.844 

83.81 3 

60.336 

-63.172 

-36.740 

2*884 

4400 


15.031 

100.190 

86.133 

61.842 

-63.474 

-36.362 

2.810 

4300 


13.043 

100.529 

86.432 

63.346 

-63.781 

-36.428 

2.740 

4600 


13.039 

100.839 

86.761 

64.831 

-64.092 

-36.234 

2*673 

4700 


13.034 

101.183 

87,063 

66 . 334 

-64.410 

-36.083 

2*606 

4600 


13.028 

101 .499 

87. 362 

67.857 

-6* .734 

-33.899 

2*343 

4900 


13.073 

101.009 

87.634 

69. 360 

-63.064 

-33.711 

2*483 

3000 


13.019 

102.112 

87.940 

70.862 

-63.403 

-33 316 

2*426 

3031 

• 38 

13*017 

102.207 

88.029 

r 336 

-63.313 

-33.314 

2*411 

3031 

• 36 

13.017 

102.207 

88.029 

71.336 

-228.086 

-33.314 

2*411 

3100 


13.013 

102.410 

88.221 

72.364 

-228*366 

-33.167 

2*278 

3200 


13*010 

102.701 

88.496 

73.863 

-228*792 

-49.720 

2*090 

3300 


13*006 

102.987 

68.767 

73.366 

-229.236 

-46.276 

1*908 

3400 


13*003 

103*268 

89.033 

76*866 

-229.701 

-42*816 

1.733 

3300 


14.999 

103.343 

89.294 

78.3^6 

-230.189 

-39.347 

1 *363 

3600 


14*996 

103.813 

89*331 

79*866 

-230*703 

-33*873 

iliOO 

3700 


14*993 

104.076 

89.804 

81.363 

-231.248 

-32*389 

1 *242 

3600 


14*990 

1^-4. 339 

90.032 

62.863 

-231.828 

-28.883 

1*088 

3900 


14*967 

104.393 

90*296 

84.363 

-232*451 

-23*374 


6000 


14.984 

104.847 

90.337 

83.862 

-233.121 

-21.833 



1^ September 1963 
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NIOBIUM DIOXIDE (NbOz) (IDEAL MOLECULAR GAS) gfw = 124, 91 

AHfo = -50,403 kcal gfw^ '^^1298. 15 = -51.051 kcal gfw’* 

Point Group D„h 5 ^ 93 ^ 15 = 61,031 cal deg'* gfw'l 

HJ 93^15 - H 5 = 2.691 kcal gfw” 1 

Vibrational Levels and Multiplicities 
o)g cnn“ ^ o) , cm" ^ 

913.6 (1) 1059.2 (1) 

276.2 (2) 

Bond lengths and angles: 

Nb-O distance = 1.691 A 
O-Nb-O angle = 180* 

Moment of inertia: 

I = 15. 1918 X 10“^^ gm cm^ o = Z 

Be = 0. 18424 cm”A 
Heat of Formation 

Data of Shchukarev et al ^ was recalculated. 

Heat Capacity and Entropy 

Estimated structural data was used. Electronic levels were approximated 
as equal to those of Nb+^. 

Reference 

1, Shchukarev, S. A. , G. A. Semenov, and K. E. Frantseva, Doklady Akad . 
Nauk SSSR 145, 119 (1962). 


NISBIUM oisxioe (Nb02) UOEAL M0LECULAR 0AS» 

SUWMAWY ^ uncertainty ESTIMATES 


GEW • 124.91 



r * 

c « l / "K 


t.*k 

S 



298.13 

* 1.000 

* 3.000 

* 3.000 

1000 

* 1 .000 

* 4.210 

* 3.308 

2000 

* 1.000 

* 4.903 

* 4.032 

3000 

* 1.000 

* 3.309 

* 4 . 408 

4000 

* 1.000 

* 3.396 

* 4.671 

3000 

* 1.000 

* 3.820 

* 4.879 

6000 

* 1.000 

* 6.002 

* 3.032 


^ giw 

AH,‘ At| I Kp 

AO.OOO * S. OUO 

±00702 

± 1*702 

± 2*702 

*3.702 

* 4.702 

* 3.702 
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NIOBIUM pentoxide; 


TABI.E 179 


CONDENSED PHASE 


Nb203 


R«fer«nr« State for Calculating AM AFj" , and Cog Kp: Solid NS from 0* to 274I*K, 
Liquid Nb from 2741* to W32*K, Gaaaoua Nb from S032* to 6000*K. Gaaeoua O 2 . 
Solid Nb^Oij from 0" to 178*>"K, Liquid Nb^O^ from 17flS* to 6000* K. 


I.^K 

0 

298. IS 
300 
400 
SOO 

600 

700 

000 

900 

1000 

1100 
1200 
1 300 
1 400 
1500 

1600 

1 700 

178^ 

I 78S 
I 800 
1 900 
2000 

210 c 
2200 
2300 
! 2 400 


2600 
2700 
2741 
1 2 74 1 

2800 
2900 
3000 

3100 

3200 

3300 

3400 

3500 

3600 

3700 

3800 

3900 

4000 

4100 
4200 
4300 
4 400 
4500 

4600 
4 700 
4000 
4900 
5000 

5031.58 

5031 .50 

5100 

5200 

5300 

5400 

5500 

5600 
5 700 
5000 
5900 
6000 



at 

■ — - - 



' 


f « 


0 . ^ ^ 




Log Kp 

* p 

St 

ri-T ■ Hj^)/T 

»«T ' «29B 

AM, 

AF, 

0*000 

0.000 

INFINI7E 

-5.325 

-452.210 

-452.210 

INFINITE 

31 .564 

32.800 

32.800 

0.000 

-454.600 

-422.484 

309.674 

31 .650 

32.996 

32.801 

0.058 

— 4 54 . 596 

-472.285 

307.620 

35.135 

42.640 

34.092 

3.419 

-454.210 

-41 1.565 

224.858 

37.020 

50.700 

36.631 

7.035 

-453.640 

-400.968 

175.255 


38.278 

57.567 

39.562 

10.803 -453.000 - 

-390.491 

142«229 

39.239 

63.542 

42.570 

14.681 -452.320 

-380.128 

118*676 

40.043 

68.836 

45.529 

18.646 -451.626 

-369.862 

101.037 

40.755 

73-59<. 

48. 387 

22.686 -450.917 

-359.684 

87*339 

41.410 

77.922 

51.127 

26.795 -450.192 

-349.583 

76.390 

42.028 

81 .898 

53. 74 7 

30.967 -449.452 

-339.558 

67*461 

42.620 

85.581 

56.240 

35.199 

-448.692 

-329.601 

60*026 

43.195 

89.015 

58.638 

39.490 

-447.915 

-319.711 

53*746 

43.757 

92.237 

60,924 

43.838 

-447.1 19 

-309.878 

40.372 

44.309 

95.271, 

63.114 

48.241 

-446. 301 

-300.104 

43.723 

44I.B54 

98.152 

65.214 

52. 700 

-445. <1 5 

-290.385 

39.663 

45.393 

100.887 

67.233 

57.212 

-444.608 

-280.721 

36*087 

45.848 

103.113 

68.889 

61 .090 

-443.864 

-272.541 

33.367 

‘57.900 ' 

'116.889 

68.689 

85.680 

-419.274 

-272.54 1' 

33.367 

57.900 

117.373 

69.291 

06.548 

-418.963 

-271.312 

32.940 

57.900 

120.506 

71 .905 

92.338 

-416.896 

-263.165 

30.269 

'' r. 900 

12^.476 

74.409 

98.128 

-414.862 

-255.120 

27.077 

5 7.900 

126.298 

76.814 

103.918 

-412.863 

-247.186 

25.724 

57.900 

120.992 

.79.125 

109.708 

-410.894 

-239,344 

23 .776 

57.900 

131 .566 

81 . 349 

1 15.498 

-408.958 

-231.589 

22*005 

57.900 

134.030 

8 3.493 

121 .208 

-407.057 

-223.920 

20.390 

57.900 

136. 394 

85,562 

127.078 

-405.189 

-216.326 

10 .910 

5 7 • 900 

138.664 

87.561 

1 32.868 

-403.351 

-208,065 

17*551 

57. 900 

140.850 

89.495 

1 30.658 

-401.546 

-201.363 

16*290 

57.900 

141 . 722 

90.269 

141.032 

-400.815 

-190.330 

15*813 

57.900 

14J . 722 

90.269 

141.032 

-413.615 

-198.330 

15.013 

5 7.900 

142.955 

91 .367 

144.448 

-412.533 

-193.704 

15.119 

5 7 • 900 

144.987 

93*181 

150.230 

-410. n3 

-185.919 

14 *0l 1 

57.900 

146.950 

94.941 

1 56.020 

-400.903 

-178.203 

12.981 

5 7 « 900 

148.848 

96.649 

161.818 

-407. ir. 

-170.530 

12.022 

5 7* 900 

150.687 

98. 309 

1&7.608 

-405.321 

-162.938 

11.120 

57. 900 

1 52.468 

99.923 

173.398 

-403.543 

155.386 

10.290 

57. 900 

154.197 

10) .494 

1 79,188 

-401 . 778 

-147.BBB 

9*506 

57.900 

1 55 . 8 75 

103.024 

104.970 

-400.023 

-140.445 

0.7 69 

57. 900 

157.506 

104.515 

190.760 

-398.278 

-133.057 

0.077 

57. 900 

1 59,093 

1 05.969 

196.550 

-396.541 

-125.718 

7.426 

57. 900 

160.637 

107. 10-> 

202.348 

-394.813 

-118.412 

6 . 0 lO 

57. 900 

162.14] 

108.772 

208.1 36 

-393.096 

-111.164 

6*229 

57.900 

163,607 

1 10. 125 

21 3.928 

-391.386 

-103.950 

5 . 679 

s 7 . 900 

165.036 

1 1 1.447 

219.718 

-389.686 

-96.789 

5.159 

57. 900 

166.432 

1 17.739 

225.508 

-387.996 

-89.662 

4 • 665 

57. 900 

167. 794 

! 1 4.004 

231 .298 

-306. 31 3 

—82.573 

4*197 

57 . 900 

16«. 125 

115.241 

237.000 

-384.643 

-75*522 

3*751 

57.900 

1 70.426 

1 16.453 

242.878 

-382.981 

-68.523 

3.320 

57. 900 

171 .699 

117.641 

248.668 

-381 . 331 

-61 -544 

2*924 

5 7 • 900 
57.900 

5 7 • 900 
57.900 

172.944 

174.163 

175.357 

1 76.527 

1 18.804 
119.945 
121.063 
122.161 

254.458 
2v 240 
26t .038 
271.820 

-379.693 

-378.071 

-376.463 

-374.876 

-54.411 

-47.706 

-40*032 

-34.000 

2.539 

2*172 

1*821 

1*40^ 

5 7.900 
57.900 
57.900 
57.900 
57.900 
57.900 
57.900 

176.891 

1 76.891 
177.673 
178.798 

1 79.900 
180.983 
182.045 

122.503 
122.503 
123. 23B 
124,296 
125.335 
126.355 
127.358 

273.657 

273.657 

277.618 

283.408 

289.198 

294.988 

300.778 

-374.300 

-699.526 

-698.541 

-697.135 

-695.771 

-694.455 

-693.194 

-31.970 

-31.970 

-22.900 

-9.657 

3.545 

16.739 

29,903 

li309 
1 4309 
0*981 
0*406 
-0*146 
-0.677 
-1.108 

57.900 

57.900 

57.900 

57.900 

57.900 

181.088 

184.113 

185.120 

186.110 

187.083 

128.344 

129.314 

130.267 

131.205 

132.120 

306.560 

312.350 

310.140 

323.938 

329.728 

-691 .995 
-690.869 
-689.831 
-608.094 
-600.076 

43.036 

56.160 

69*202 

82.371 

95.456 

-1 .679 
-2.153 
-2«6l0 
-3*051 
-3.477 


l5S££tembarJL2^2. 
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NIOBIUM PENTOXIDE (Nb20^) 


(CONDENSED PHASE) 


gfw B 265. 82 


^?298. 15 • -^54.6 * 1.0 Real gfw"* « 32. 8 * 0.2 cal deg K“' gfw'* 

= 1785*K « 24, 590 Real glw'* 

m m • 

”298. 15 ■ ”6 * 

CJ- 36.904'5.l2x lO-^T -6. lOx lO^T"*^ cal deg K* ' gfw*^ 298. 1 5*K < T < 1785*K 

- 57.90 cal deg K"* gfw“^ 1785*K< T < 6000*K 

Structure 

The 0 ('-Nb 2 O^ (high temperature form) reported by Holtzberg^ wae con- 
sidered to have a monoclinic unit cell. 

Heat of Formation 

Average of five calorimetric measurements. 

Heat Capacity and Entropy 

Low temperature data from King. ^ High temperature data from Kelley. ^ 
Data above 1809*K were extrapolated. 

Melting and Vapoirisation 

Heat of melting was from Kelley^ and Orr. 
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NleOlUM PrNT0XIoe (Nb^o^) (CONDeHSCO phase) Gfw - 265*e? 

SUMMARY 0F UNCERTAINTY ESTIMATES 



Ao 

cl/** 

K gfw 

o o 

-7^ r~o — r 

_Kc.l gfw. 

T,«K 


4 

- »79» 

)/T 


298*15 

*0*300 

ft0*200 

ft0*200 

ft 0*000 

ftl .000 

500 

ft 0*300 

ftO.355 

ftO.234 

ft 0«06l 


500 

ft 1*000 

ft0*355 

*0*234 

*04061 


1000 

ft 1*000 

ft 1 *048 

*0*488 

*0*561 


1785 

ft 1*000 

ft 1 *628 

ft0*874 

*1*346 


1785 

ft 1*000 

ft2*l88 

ft0«874 

*2*346 


2000 

ft 1.000 

ft2.302 

*1*021 

ft 2*561 


2000 

ft 2*000 

*2.302 

*1*021 

*2.561 


3000 

ft 2*000 

ft 3*113 

ftl*592 

*4.561 


3000 

ft 3*000 

ft 3*113 

ftl *592 

*4.561 


4000 

ft 3*000 

ft 3*976 

*2.085 

ft 7*561 


5000 

ft 3*000 

ft4*645 

*2*533 

*10*56) 


6000 

ft 3.000 

ft 5*192 

*2*932 

*13.561 
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table lao 


OXYGEN 


T.»k 


0 

298 . 

300 

400 

300 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 
1 700 
1800 
1900 
2000 

2100 

2200 

2300 

2400 

2500 

2600 

2700 

2800 

2900 

3000 

3100 

3200 

3300 

3400 

3500 

3600 

3 700 
3600 
3900 

4 000 

4100 

4200 

4300 

4400 

4500 

4600 

4700 

4600 

4900 

5000 

5100 

5200 

5 300 
5400 
5500 

5600 

5700 

5800 

5900 

6000 


ideal monatomic gas 

R.»«r.„c. SUU for C.fcul.ting AHf. AT* k ■ 

Ga acoua O^from 0* to 6000* K. ** 






- M^)/T 




_ Kcal/gfw.^ 






0«000 

5.237 

5.235 

5.135 

5.081 

5.049 

5.029 

5.015 

5.006 

4.999 

4.994 

4.990 

4.987 

4.984 

4.982 

4.981 

4.979 

4.979 

4.978 

4.978 

4.978 

4.979 
^ ,980 

4.981 

4.984 

4.986 

4.990 

4.994 

4.999 

5.004 

5.010 

5.017 

5.025 

5.033 

5.041 

5.050 

5.060 

5.070 

5.081 

5.091 

5.103 

5.114 

5.126 

5.138 

5.150 

5.162 

5.174 

5.166 

5.198 

5.210 

5.222 

5.234 

5.246 

5.258 

5.269 

5.280 
5.292 
5 . 3 d 2 
5.313 
5.32 3 


w .OOO 

3^.469 

38.501 
39.992 
41.131 

42.054 

42.831 

43.502 
44.092 
44.619 

45.095 
45.529 
45.929 
46.298 
46.642 

46.963 

47.265 

47.550 

47.819 

47.074 

48.317 

48.549 

48.770 

48.982 

49.186 

49.381 

59.569 

49.751 

49.926 

50.096 

50.260 

50.419 

50.574 

50.724 

50.870 

51 .012 
51.150 
51 .285 
51 .417 
51 .546 

51.672 

51.795 

51.916 

52.033 

52.149 

52.262 

52 . 374 , 

52.483 

52.590 

52.695 

52.798 

52.900 

52.999 

53.098 

53.194 

53.289 

53.383 

53.475 

53.566 

53.655 


Inpin I Tc 

38.469 

38.469 

38.673 

39,055 

39.480 
39.905 
40. 314 
40.701 
41.067 

41.412 
41 .737 

42.045 
42.335 
42.611 

42.873 

43.123 

43.361 

43.588 
43,806 

44.016 

44.216 

44 . 4,10 

44.596 

44.775 

44.949 

45.116 

42.279 

45.436 

45.588 

45.736 

45.880 

46.020 

46.156 

46.289 

46.418 

46.544 

46.667 

46.787 

46.905 

47.019 

47.132 

47,242 

47.349 

47,455 

47,558 

47.659 

47.758 

47.856 

47.952 

48.046 
48.138 
48.229 
48. 31 8 
48.406 

48,492 

48.577 

48.661 

48.743 

48.824 


- 1 .608 
O.OOO 
0.010 
0.528 

1.038 

1.544 

2.048 

2.550 
3.052 
3.552 

4.051 

4.551 

5.049 
5.548 

6.046 

6.544 
7.042 
7.540 

8.038 
8.536 

9.034 

9.532 

10.029 

10.527 

11*026 

1 1 .524 
12.023 
12.522 

13.022 

I 3. >22 

14.023 

14.524 
15.026 
15.529 

16.033 

16.537 

17.043 

17.549 

18.057 

18.565 

19.075 
19.586 
20.098 
20.61 1 
21 .126 

21.641 

22.158 

22.676 

23.195 

23.715 

24.237 
24.760 
25 284 
2 5 . 09 
26.335 

26.863 

27.392 

27.921 

28.442 

28.984 


58.986 

59.557 

59.561 

59.724 

59.868 

59.996 

60.111 

60.214 

60.309 

60.395 

60.475 

60.550 

60.621 

60.606 

60.750 

60.810 

60.866 

60.920 

60.971 

61.019 

61.064 
61.107 
61 .145 
61.182 
61.218 

61.249 
61.280 
61.307 
61.334 
61 • 357 

61.380 

61.400 

61.419 

61.438 

61 .455 

61.470 

61.485 

61.498 

61.512 

61.524 

61 .536 
61.547 
61.557 
61.567 
61.576 

61.583 

61.589 

61.594 

61.596 

61.596 

61.593 
61.586 
61 .574 
61 .555 
61.526 

61.493 
61*445 
61.383 
61 . 303 
61.202 


58.986 

55,393 

55.367 

53.945 

52.483 

50.994 

49.484 
47.959 
46.421 
44.073 

43.317 

41.754 

40.184 

38.610 

37.031 

35 . 44,8 

33.860 
32.271 

30.679 
29.083 

27.484 
25.804 
24.262 

22.679 

21.075 

19.468 

17.861 
16.249 
14.642 

13.033 

11.420 

9.810 

8.196 

6.585 

4.967 

3.354 
1.741 
0.125 
-1 .490 
- 3.107 

- 4.719 

- 6.337 

- 7,953 

- 9.567 

- 11.106 

- 12.801 

- 14,416 

- 16.033 

- 17.652 

- 19.268 

- 20.885 
- 22.%99 
- 24. 114 
- 25.731 
- 27.348 

- 28,957 

- 30.571 

- 32.182 

- 33.793 

- 35.399 


Ma y 1962 




infinite 

-40.602 

- 40.333 

- 29.473 

- 22.939 

- 18.547 

- 15.449 

-134101 

-114572 

- 9.806 

- 6.606 
- 7 . 604 
- 6.755 
- 6.027 
- 5.395 

- 4 .842 
- 4.353 
- 3.918 
- 3.529 
- 3.178 

- 2.860 
- 2.571 
- 2.307 
- 2.065 
- 1 .842 

- 1 .636 
- 1 .446 
-1 .268 
- 1 .103 
- 0.949 

- 0.805 

- 0.670 

- 0.543 

- 0.423 

-0.310 

- 0.204 

- 0.103 

- 0.007 

0.083 

0.170 

0.252 

0.330 

0.404 

0.475 

0.543 

0.608 

0.670 

0.730 

0.787 

0.842 

0.895 
0.946 
0.994 
1 .041 
1.087 

1.130 
1.172 
1 .213 
1 .252 
1 .289 


RCF 
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OXYGEN, MONATOMIC (O) 


(IDEAL GAS) 


jjlw - If). 000 


AHJ’o = 58. 986 kcal glw** IS 

Ground State Configuration = ^298. 15 ' degK gfw 

^298. 15 '”*0 = 1-608 kcal gfw'^ 

Electronic Levels and Multiplicities 

Energy levels from Moore. ^ 

Heat of Formation 

Dissociation energy from Brix and Herzberg. ^ 

Heat Capacity and Entropy 

Calculated on monatomic gas-computer program. 

See Barriault et al^ for further details. 
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HSNATSNK (S) MOCAL (iAS) Orw • \6.000 

^UMHARY JF UHCERTAINTY 




0 • 

o , ^ 

o 


a . ^ 


T.*K 



^Ft - ^ 




1 «'• 

296al5 

AOaOOO 

AO. 002 

4 0.002 

4 0.000 

40.020 

4 0.021 

*0.015 

1000 

40.000 

A0.002 

4 0.002 

40.000 

40.021 

4 0.024 

40.005 

2000 

40.000 

40.002 

40.002 

40.000 

40.022 

4 0.026 

40.003 

5000 

40.000 

40.oor 

40.002 

±0.000 

40.025 

4 0.032 

*0.00? 

4000 

40.000 

40.002 

40.003 

40.001 

40.035 

4 0.044 

*0.002 

5000 

40.000 

40.002 

4 0 . 00 3 

40.001 

40.076 

* 0.053 

40.002 

6000 

40.000 

40.002 

40.003 

40.001 

40.426 

4 0.077 

*0.003 
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TABLE I Ml 


OOs 


OSMIUM MONOXIDE 

iOEAL molecular Gas 

Heferrnce State for C*Ir i 

glw_ 


T.^K 




Am; 


0 

?9 B, I A 
300 

<.no 

AOO 

600 

700 

800 

900 

1000 

I IOC 

1 ?oo 
1 300 
UCO 
1 AOO 

1 600 
I 700 
1 000 
I 90C 
^00(' 

? 1 00 
??or 
7300 
.’*.00 
7 A CO 

7<' or 
7 70C 
7 6 00 
7 90 0 
AOOr 

- JCl 
1 7 0 
3 7 M (" 

7 •"< 1^ 

nor 

I i, r r 

\ * r . 0 

1^.00 
A 70r 
^00^ 

3 90 0 

4 0 iv 

A 1 CO 
A 700 
A 3 ■' o 
AAO'O 
A A CO 

AAOt> 

A 70C 
^ P 0 0 
Agon 
oon 

A 1 Of' 

* 70C 

‘. 7 6 g . / 

*’ 769 . ‘ 7 

' 300 
'.aOO 
A AOC 

A60C 
A 700 
A0O: 

• 900 
/>OOC 


0.000 
7.61 A 
7.673 
8.003 
0-761 

0. A16 
8. AAA 
8.616 
8.696 
8. 73S» 

8.771 
P . 790 
8.819 
0.816 
8 • 0 A 9 

fl . 060 
8 .869 
0.077 
0.00A 
8 . K H 'y 

O. 8 9A 
f. M g 9 
fi.90? 

P . 90 6 
6.900 

P. 911 
6.911 
6 . y 1 A 
0 . V ] 7 
0.919 

H. 9 70 
0 . 97 7 
6.971 
« .971 
p . 9 7 1 

6 . 9 7 <« 

“.97 A 

*< . 9 7 6 
0 . ^77 
0.976 

0 . 9 7 p 
H . 979 

6 . 9 iC 
0 . 9 10 
6.911 

0 . gl 7 
0.917 


0.000 
60. 396 
60. A 11 
67.691 
6A.i)0 / 

66.030 
67. lAO 
.8 . A88 
6' .A09 
70. A7 ? 

71 .767 
77.076 
77 . 7 ■» 1 
71,106 
7J.996 

7a . A b 7 
79.1 OA 
7A .61 7 

76.097 
7 6 . A H 

76 . 90? 

7 ’ . 19A 
7 7 . 79 1 
70. J 70 
70 . A3A 

70.003 
79,719 
79 . AAA 

79.006 

0 0 . 1 A 9 

0 C . A A 1 
00. 73a 
PC . 90 : 
6C.907 
P 1 .009 
P 1 . 7 7a 
0 1 , lA 

1 1 . 7 b 6 
0 7 . 0 3 0 

A. .7(16 

0". ‘ OC 

0 7. .76 

«7 , 9A 7 
P < . 1 6 7 
0 1. 3 7 7 
H 1 . A 7 7 
6 3.770 


INF INI TC 
60. 396 
80. 196 
60, 700 
61 .706 

61 .901 
67.631 
63.791 
63.9,8 
6A.51 3 

6^. 10 ; 
60 .6* ? 
66.170 
66.667 
67.1 11 

67.078 

60.005 

6 B . A 1 A 
60 . 807> 
69. 161 

69,541 
(■ G890 
70 , 77 A 

70, 5a8 
70.861 

71.162 
71 • aA0 
71.718 
77.012 
72,779 

7 7 . 0 1 8 
72.190 

73.010 

11.010 
73.03A 
7 3.2 7 1 
71. SO0 

71.712 
7 1.00 3 
7a , 1 b9 
7a, 179 
7 A , A R 0 

7a , 7flf. 

7a . 90 3 
7^' . 1 7b 
7 A . 30 A 
70.049 


- 2.124 
0.000 
0.01 A 

0. 70fc 
1.611 

2. AA6 
3.796 
0-156 
6.022 
5.894 

6. 770 
7,649 
8.530 
9.417 

10.297 

11.182 
1 2.069 
12.956 
1 3.844 
14.733 

16.622 
16.511 
1 7.aC? 

18.297 
19.183 

20.074 
20.965 
21 .856 
22.748 
2 3.640 

24.037 
75.424 
26.22 7 
26.227 
26. 116 
2 7.70b 
. C . . 0 1 

20.993 
29,886 
30. 7 79 
31.671 
32 . 064 

^1.457 
14 . 350 
J0 . 74 ^ 
36. 1 1 7 
37.030 


102.173 
1 02.000 
1 01 .997 
101 ,873 
101 .665 

101 .504 
101 .339 
1 0 1 . 1 66 
100.981 
1 00. 787 

1 00.581 
1 00. 366 
100. 1 19 
99.901 
99.656 

99. 196 
99.1 7 

98.007 
90.000 
98.700 

9'». 94 i 
97.616 
97.781 
90.936 
96.079 

96,210 

95.010 

90.439 

90.017 

94,620 

94.200 
91 . 100 
93. ’64 
85, 790 
85. 749 
0 5 . 7 ‘ 
84 . 76: 

04.760 
8 1. 7b7 
83.268 
62.765 
62.762 

01 . 707 
81.250 
80. 74? 
80.21? 
79,719 




102,123 
93.624 
9 3,5 72 
90.791 
88.051 

85.343 
82.663 

80.006 
77.377 
74. 760 

72.167 

69,591 

67.037 

64.501 

61,981 

59.476 
56,99 1 
54,519 
52.063 
49,626 

07, 202 

44,794 

42.399 

40.021 

37.654 

35.109 

32.970 

30.050 

20.344 

26.001 

21.773 

2 1 . 006 
19.482 
19.482 

19.282 
1 7.274 

1 5.282 

1 1. 101 
11.339 
9.188 
7.450 
*>.526 

3.616 
1.717 
-0.172 
-2.047 
- 1.912 


R . '*12 

8 ' . 9 74 

70.710 

3 7.92 i 

79.204 

-0.760 

M , g 1 ^ 

P*. . J 66 

70,900 

10.016 

^8.686 

- 7 . 60h 

0 • 'V 1 1 

S 4 , 1 0 A 

76. 002 

19.709 

7 i o 

-9,414 

h . giA 

0 4.* 19 

76.252 

40.60 1 

7 7.644 

-11.251 

8 . ‘ V> 4 

04 . 719 

76.420 

41 .496 

77.116 

-11. 060 

8.014 

84.090 

76.004 

4 190 

76.580 

-14,856 

6.9 1*- 

8A .0 70 

76.746 

43.203 

76.048 

-16,643 

H . 930 

85. 180 

76.907 

41.909 

70.672 

-17,890 

8.910 

8* . 1 89 

76.00 7 

4 1 . 90 9 

-100. 729 

- 1 7,890 

8 . 9 1 » 

8 0.24 0 

76.905 

A4 . 1 7 7 

- 1 00.809 

-17.401 

0.910 

00.407 

7 7.06 1 

40.070 

-lOl .419 

-10.817 

8.936 

00.071 

7 7.214 

4 0 • 9b ^ 

-101 .9b0 

-14.308 

e . 9 ! 0 

0A - 7 A2 

7-». 164 

46.007 

■102. 1 6 

- 1 2 . 6 2 4 

8.930 

P0 .690 

77,013 

47.751 

- 1 0 1.086 

-11.014 

fi.936 

-'0.045 

77.658 

40.644 

-1 0 1.<W6 

“9.386 

8.910 

66 . 1 '^0 

7 7.0^2 

49. S <0 

; 04 . 'R0 

- - . 702 

0 . 9 1 7 

06 . 140 

77.94 1 

00,4’ ' 

- 1 0** . 9 1 9 

-6 . 1 ri0 


Lo # Kp 


INFINI Tf 
-60.625 
-68,164 
-49.603 
-38.485 

-31 .085 
-25.807 
-21 .856 
-18.788 
-16.338 

-14.338 
-12,674 
-1 I .269 
- 10.069 
-9.030 

-8.124 

-7.326 

-6.619 

-5.988 

-5,423 

-4.912 
-4,450 
-4,029 
- 3 • 644 

-3.292 ' 

-2.968 j 
-2-669 I 
-2.392 ; 

-2.136 
-1.898 I 

-1.676 ! 
-1.469 , 

-1.294 I 
-1.294 j 
-1.277 i 
- 1 .1 lO 
-0.954 

-0.807 
-0.670 
-0.540 
-0.417 I 
-0.302 j 

-0.193 i 
-0.089 
0.009 i 
0.102 I 
0.190 

0.274 

0.354 

0.430 

0.502 

0.571 

0.637 

0.699 

0.742 

6.742 

0.718 

0.6h0 

0.072 


0.493 

0.422 

0 . 30 a 

0.287 

0.222 


15 Srptrnib**! 1962 
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OSMIUM MONOXIDE (0«0) 


(IDEXA.L MOLECULAR GAS) 


gfw ~ 206. 2 


A.Hfo = 102. 123 kcal gfw-* jj = 102. 000 kcal gfw'* 

Ground State Degenercy = 6 ^298 15 ' ***8 K'*gfw'* 

”298. 15'”o = 2. *24 kcal gfw’l 


State 

g 

E 

U) 

e 

‘^e*e 

<*»eye 

Be 

«e 

y^xlO^ 

DeXlO^ 

X 

6 

0. 0 

795 

3. 6 

... 

0. 34 

0. 0019 

... 

0. Z4 


Heat of Formation 

Value estimated. See volume 1. this study (section IVB18. 4. 1) for 
details. 

Heat Capacity and Entropy 

Spectroscopic constants from Brewer et used. 

Reference 

1. Brewer, L,. and M. S. Chandrasekharaiah, U. S. At. Energy 
Comm. Kept. UCRL.- 87 1 3 Rev. (June I960). 
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table la^ 


P.-AT.NUM MONC^.nE IDEAL MOLECULAR CAS Q, 

Liquid PI from Zo/i'm'o 4|^oV'K'*r"* ''”J' I'p So'"* P* from 0* lo ^0d5♦K. 

^ from d I 08- to 6000- K: Ga. , o«. Q^; Crou. PtO. 

Y r,**^ ^ “■ — ^ ^ Kcal/gfw. 

^ Hx - Mxm AHj aT^ I d. r 


0 

298.15 

300 

400 

500 


1 600 
1 700 
1 flOC 
1900 
2000 



^ ^ Kcml/g{ 

'•<hj ~ M^>/T Hy - H298 AH| 


0.000 
60.495 
60.543 
62 . 795 
64,614 

66.140 

67.451 

68.600 

69.621 

70.540 

71.375 

72-140 


74.68? 

75.219 

75 . 727 
76.207 
76.661 


INriNI Tf 

60.495 

60.496 
60.800 
61 .387 

62.055 

62.735 

63.397 

64.033 

64,639 

65.214 
65. 760 
66.278 
66.771 
67.240 

6 7.687 
68. 1 15 
68.524 
68.916 
69.292 


6.778 

7.657 

B.53B 

9.421 

10.306 

11.191 
12.070 
12.965 
13.854 
14. 74? 


88.797 

08.600 

88.597 
68.399 
86.209 

88.015 

87.813 

87.599 

87.370 

87,127 

86.869 

66.598 
86.312 
86.012 
05.697 

85.367 
85.024 
84.664 
8 . 292 
83.903 


2043 

8. B93 

76,652 

69.447 

15.125 

83.732 

204 3 

fl.fl93 

76.052 

69,447 

15.125 

79.034 

2 1 Of' 

« . 895 

7^.097 

69,653 

15.632 

78. 797 

2 200 

8 . 900 

77.511 

70.001 

16.521 

78.381 

? 30C 

P.90 3 

77.906 

70, 336 

17.412 

77,964 

2 4C0 

P. 906 

76.205 

70.659 

18.302 

77.543 

2 5 00 

p. 9r'<< 

70.649 

70.972 

19.193 

77.120 

2600 

P . 9 1 2 

76 . 996 

71.274 

20.004 

76.695 

2 700 

♦ 9 1 4 

79.335 

71 ,566 

20.975 

76. 27,7 

2800 

8.916 

79,659 

71 .049 

21.667 

75,838 

2 9CO 

8 . '‘J 8 

79,972 

72.124 

22.758 

75.405 

3000 

6.919 

00.274 

72,391 

23.650 

74.971 

3 1 OC 

6.921 

00.567 

72.650 

24.542 

74.534 

i20C 

H. 92 2 

80.650 

72.902 

25.434 

74.095 

nro 

6.92 3 

8 1 , 1 2 * 

73.147 

26. 327 

73.655 

3400 

6.9 24 

01 . 391 

73.385 

27.219 

73.213 

3500 

6. 926 

81 .6‘-0 

73.618 

2B. 1 1 2 

72. ■^69 

3600 

6.926 

01.901 

73.844 

29,004 

72. .. 

3700 

6.927 

0 2 . « 4 6 

74.065 

29.897 

71.6". 

3800 

6.92 8 

02.304 

74.201 

iO. 790 

71.4^5 

390C 

h . 929 

02.616 

74.492 

31 .683 

70.973 

4001 

e. 9io 

02.642 

74.698 

32.575 

7’'.519 

4 100 

8 . 9 3 

63.062 

74.899 

33*468 

70.064 

4 1 0 6 . 3 <* 

6.9 30 

0 3.0 f9 

74.91 5 

53.539 

70.024 

4108.34 

6.930 

03.079 

74.915 

33,539 

-51.495 

4 200 

8.931 

8 3,27 7 

7 5.096 

34.361 

-51,667 

4300 

6.931 

63,406 

75.209 

^5.255 

-51.861 

44C0 

6.932 

8 3 , 6 9 •» 

75.470 

36. 14B 

-52.060 

4500 

6.932 

03.694 

75.662 

37,041 

-52.d;64 

4600 

6.933 

04.090 

75,843 

37.934 

-52.471 

4 70C 

8.9 53 

64.28? 

76.021 

38,827 

-52.604 

4600 

6.934 

64 .4 70 

76.195 

39, 721 

-52.901 

490C 

8.934 

64,654 

76. 36t. 

40.614 

-53.123 

5000 

8. 934 

84.635 

76,533 

41 .508 

-53.351 

5100 

8.935 

65,012 

76.696 

42.401 

-53.587 

5200 

8.935 

85.165 

76.859 

43,294 

-53.829 

5 300 

6.934 

65 , 356 

77.018 

44.108 

-54.080 

5400 

6.935 

6 . 5 2 3 

77.174 

45.08? 

-54 . 340 

5500 

6.936 

85,666 

77, 327 

45.975 

-54.611 

5600 

8.936 

05,847 

77.478 

46.069 

-54.89‘- 

5700 

8.936 

66.006 

77.626 

47.762 

-55.195 

5800 

6.936 

06.161 

7 7.772 

48.656 

-55.512 

5900 

6.937 

86.319 

7 7.916 

49.550 

-55.050 

6000 

8.937 

86.464 

7p,05 7 

50.4^ 5 

-56.21 ■* 


80.797 

80.836 

80.707 

70.215 

75.691 

73.206 

70.753 

68.331 
65.936 
63.567 

61 .223 
58,903 
56.606 

54.332 
52.082 

49.852 

47.640 

45,453 

43.284 

41.136 

40.276 
40.276 
39.140 
37.260 
3 5. 400 
33.560 
31,734 

29.927 

28.1 36 
26.364 
24.604 
22.859 

21.130 

19.414 

17.713 

16.025 

14.349 

12.689 

11.037 

9.398 

7.771 

6.158 


U .173 
12.559 
13.948 
15,343 
16.745 

16.144 

19.56(J 

20.975 

22.396 

23.818 

25.250 
26.687 
28. 126 
29,571 
31.030 


INFINtrc 

-59.251 

-58.851 

-42.733 

-33.083 

-26.664 

-22.089 

-18.666 

-16.011 

-13.892 

-12.163 

-10.727 

-9.516 

-6.481 

-7.580 

-6.809 

-6.124 

-5.518 

-4.979 

-4.495 


-4.308 I 

-4.308 I 

-4.073 I 

-3.701 

-3.364 

-3.056 

-2.774 


-0.243 

-0.247 

-0.247 

-0.295 

-0.358 

-0.416 

-0.476 

-0.531 

-0.584 

-0.635 

— 0 .0 04 

-0.732 

-0*777 

-0.822 

-6.865 

-0.906 

-0.9.,A 

-0.985 
-1 .023 
- 1 . 0^0 
-1.095 
-1.130 


15 December 1962 
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PLATINUM MONOXIDE (PtO) 


(IDEAL MOLECULAR GAS) 


gfw = 21 1. 09 


i^Hfo = ^ Hf298. J 5 ’ ^ 

Ground State Degeneracy = 6 ^298. 15 ’ K**gfw"^ 

H 298 . 15 -Ho = 2. 125 Real gfw’^ 


cm “ * 


State 

g 

E 

CO 

e 

co^x 
€ e 

‘^eVe 


Of e 

VeXlO^ 

DpXlO^ 

X 

6 

0 

1 785 

- 

- 

0. 334 

' - 

- 

- 


Heat of Formation 


Estimated by analogy to data for Pt02* 

Heat Capacity and Entropy 

Calculated using above estimated constants. S<>e vobime 1, this study 
(section IVB20. 4. 1) for details. 
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TABLE 1S3 


rhenium monoxide 


idf-al molecular cas 


ORe 


Liquid R« from MS3* lo V' ’^P' °* *“ 

uT 6 000»K; G»eo u. Oj, C.eou. ^ 


>100 

TiOO 

■» 4 C 0 

3 < i ^3 

3 500 

3600 
3 7 00 
3800 
3900 
4000 


T.-IC 

% 

4 

o \ 

“<^7 - H298>/T 


0 

290.15 

300 

400 

500 

0,000 

7.515 

7.523 

7.905 

8.180 

0.000 

59.382 

59.429 

61.647 

63.443 

IHriNlTE 
59. 302 
59. 382 
59.682 
60.260 

- 2.113 

0.000 

0.014 

0.786 

1 . 591 

600 

700 

600 

900 

1000 

6.368 

8.499 

8.591 

8.650 

0.708 

64.952 

66.252 

67.393 

68.409 

69.324 

60.920 

61.591 

62.246 

62.876 

63,476 

2.41 9 
3.263 
4.118 
4.980 
5.849 

1 100 

1 200 

I 300 

1 400 

1 500 

8.747 
8.7 76 
8.000 
0.619 

8.634 

70.156 
70.919 
7 J .622 
72.275 
72.864 

64,046 

64,587 

65.102 

65.591 

66.057 

6.722 

7.598 

8.477 

9.358 

10.240 

1600 

1700 

180 C 

1 900 

2000 

6.847 
8.850 
0.867 
6.6 74 
8.881 

73.455 
73.991 
74.490 
74 . .977 
75,433 

66.502 

66.927 

67.333 

67.723 

60.097 

11.124 

12.010 

12.896 

1 3.783 
14.671 

2100 

220 r 

210 '' 

2400 

2 500 

0.846 

0.091 

0 . 

ft . 90 3 

75 .666 
76.200 
/ 6.675 
77.054 
77.417 

66,457 
60.803 
69.1 37 
69,459 
69.7 70 

15.559 

16.448 

1 7. 337 
18.227 
19.117 

2600 

2700 

2 800 

2 900 

3000 

0. 906 
6.908 
8.911 
8.913 
0.915 

77 . 766 
78.102 
70.426 
70.739 
79.041 

70.071 

70. 362 
70.645 
70.918 
71.104 

20.000 

20.098 

21 . 789 
’ 2.680 
23.572 


8q9l 7 
8. 91 fl 
fl . 9?0 
8.921 
8.9?? 
fl.9?? 
B . 9 ?? 

8 . V ? 3 

8 . 92 ^ 

R . 92 ». 

8.926 

8.927 


79.334 
79,617 
79,891 
80.158 
80.296 
80.296 

80. 4 1 6 

80.668 
80.912 
81.150 
81 , 382 
81 .608 


71.442 
71 .693 
71.938 
72.175 
72.299 
72.299 
72.407 

72.633 

72.854 

73.069 

73.279 

73.484 


24.463 

25.355 

26.247 

27.139 

27.612 

27.612 

28.031 

28.924 
29.816 
30. 700 
31.601 
32.494 


~Kcmt/gtw.. 

AHj * 


90.231 

90.000 

89.996 

89.791 

09.600 

09.406 

09.212 

09.004 

00.782 

86.550 

88.304 
88.043 
87. 760 
87.479 
87 . 1 73 

86.052 
96.515 
161 
85 . /90 
8 5 • hO / 

84.994 

84.570 

84.125 

83.663 

03.100 

82.678 
82.154 
81.61 1 
81.046 
80.462 

79.853 

79.224 

78.575 

77.901 

77.535 

69.592 

69 

68.5 ' 
67 . 87 . 
67.1 71 
66.469 
65. 766 


4100 

8.920 

ftl .828 

73 , f 05 

33,^86 

65,060 

4700 

8.928 

82.043 

73.002 

34.279 

64 . 353 

430 C 

8.929 

0 2 . 2 4 

7 <» , 0 74 

35.172 

63.645 

4400 

8 , V 3 C 

82.459 

74.262 

36.065 

62.934 

4500 

8.930 

82.660 

74,447 

36.958 

62.221 

4600 

8.931 

02,056 

74.627 

37.051 

61 . 506 

4700 

e .931 

83.046 

74.004 

38. 744 

60. 709 

4800 

8.932 

03.236 

74.978 

39.637 

60.068 

4900 

6 . 93 ? 

03.420 

75.149 

<. 0.5 ^0 

‘ 9 , 

5000 

8.933 

03.601 

75.316 

41 ,424 

58.618 

5100 

6.933 

8 3.7 7 7 

75.400 

•‘ 2.31 7 

57.806 

5200 

0.933 

83.951 

75.641 

3.210 

57.149 

5300 

0.934 

04.121 

75,800 

44.104 

56.407 

5400 

8.934 

84.208 

7*'. 955 

44.997 

55.656 

5500 

e .934 

04.452 

76.108 

45,890 

54.096 

5600 

8.935 

84.613 

76.259 

46.704 

5 h . 127 

5 700 

8.935 

84.771 

76.407 

47.677 

53.344 

5000 

8.935 

84.927 

76.552 

40.571 

52.546 

5900 

8.935 

85.079 

76.695 

49.464 

51 . 72 R 

5960.67 

8.936 

P ‘'.169 

76. 780 

50.000 

51.219 

5960.67 

8.936 

85.169 

76.760 

‘ 0.000 

- 1 17.096 

6000 

8.9 36 

85.229 

76 . 83 ^ 

50,358 

- II 7 . 5 n 


AF ,' 

90.231 

82.250 

02.202 

79.636 

77.119 

74.640 

72.195 

69.778 

57.387 

65.023 

62.682 
60 . 364 
50.667 
55.795 
53,542 


L»f 

IHrifjiTC 

- 60.280 

- 59.001 

- 43.509 

“ 33.707 

- 27.186 

“ 22.539 

“ 19*062 

- 16.363 

- 14.210 

- 12*453 

- 16.993 

“ 9.762 

- 8.710 

-7.801 


51.310 

- 7,008 

69,098 

- 6.312 

<* 6.909 

- 5,695 

<*<*,739 

- 5.146 

62.568 

- 4.654 

<* 0.458 

- 4.210 

38.347 

- 3.809 

36.255 

- 3.445 

34.184 

- 3.113 

32.131 

- 2.009 

30.100 

- 2.530 

28.088 

- 2.273 

26.093 

- 2*037 

24.122 

- 2 .818 

22.168 

- 1 .615 

20.239 

- 1.427 

18. 325 

- 1 .251 

16.430 

- 1.088 

14.559 

- 0.936 

) 3.575 

- 0.859 

13.575 

- 0.859 

12.813 

- 0.800 

1 1.209 

- 0.680 

9.625 

- 0.568 

8.063 

- 0.464 

6.515 

- 0.365 

4,990 

- 0.273 

3.478 

- 0.185 

1 .965 

- 0.103 

0.508 

- 0.026 

- 0.952 

0.047 

- 2.399 

0.1 16 

- 3.822 

0.182 

- 5.231 

0.243 j 

- 6.631 

0.302 

- 0.012 

0.357 

- 9.380 

0.410 

*■ 10.7 30 

0 . 46 O 

- 12.066 

0.507 

- 13.395 

0.552 

- 14.701 

0*595 

- 15,993 

0.635 

- 17,276 

0.674 

- 10.545 

0.711 

- 19.791 

0.746 

- 21.026 

0.779 

- 21 .762 

0.798 

- 21.762 

0.798 

- 21.132 

C .770 
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RHENIUM MONOXIDE (ReO) 

Z^H£q = 90. 231 kcal gfw 1 
Ground State Degeneracy = 4 
H298. 15 -Ho = 2. H3 kcal gfw"! 


(IDEAL MOLECULAR GAS) gfw = 202. 22 

^^^f298. 15 “ kcal gfw“ ^ 

^298. 15 “ K*^gfw“^ 


cm” ^ 


State 

g 

E 

"e 

CO X 

e e 

B 

Be 

«e 


DpXlO^ 

X 

■ 

0 

858 

— 

- 

0. 355 

■ 

- 

- 


Heat of Formation 


Estimated by comparison with neighboring elements in periodic table. 
Heat Capacity and Entropy 

Calculated using above estimated spectroscopic constants. See volume 1, 
this study (section IVB21.4. 1) for details. 
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TABLE 184 


RHODIUM MONOXIDE IDEAL MOLECULAR CAS QRh 

Reference SUte for Calculating AHJ* AFJ. and Log K : Solid Rh from 0* to i239*K, 

Liquid Rh from 2219* to 3996* K, Gaeeoua Rh from 3996* to 6000* K; Caaeoue © 2 ; Caaeoua RhO. 




r«l/®K gim . 




T.^K 



Ht-h"p98 




0 

0.000 

0.000 

INFINITC 

-2.119 

88.691 

66.691 

INFINITE 

298.15 

7.575 

57.727 

57.727 

0.000 

80.400 

80.739 

-59.181 

300 

7.583 

57.774 

57.727 

0.014 

88. 396 

80.692 

-58.781 

AOO 

7.965 

60.01 1 

58.030 

0.792 

88.209 

78.152 

-42.696 

500 

8.231 

61 .819 

58.613 

1*603 

88.015 

75.659 

-33.069 

600 

8.411 

63.336 

59.277 

2.436 

87.806 

73.208 

-26.665 

700 

8.533 

64.643 

59.952 

3.283 

87.578 

70.793 

-22.101 

600 

8.619 

65.700 

60.612 

4.141 

87. 330 

68.412 

-18.688 

900 

8.682 

66.807 

61 .244 

5.006 

87.060 

66.063 

-16.042 

1000 

8.728 

67.724 

61.847 

5.877 

86.768 

63.745 

-13.931 

1100 

8.763 

68.558 

62.420 

6.752 

86.453 

61.458 

-12.210 

1200 

8.790 

69.322 

62.964 

7.629 

06.1 16 

59.201 

-10.781 

1 300 

8.812 

70.026 

63.480 

8.509 

85.756 

56,972 

-9.577 

1400 

8.829 

70.680 

63.971 

9.392 

85.376 

54.772 

-8.550 

1500 

8.844 

71.209 

64.439 

10.275 

84.972 

52.600 

-7.663 

1600 

fl.855 

71 .861 

64.865 

11.160 

04.547 

50.455 

-6.892 

1 700 

8.665 

72.390 

65.312 

12.046 

84.099 

48.338 

-6.214 

1 ROO 

8.873 

72.905 

65.720 

12.933 

83.628 

46.247 

-5.615 

1 900 

8.880 

73.385 

66.110 

13.821 

83.136 

44.186 

-5 .082 

2000 

8.886 

73.040 

66.486 

14. 709 

82.621 

42.140 

-4.605 

2100 

8.891 

74.274 

66.846 

15.598 

62.003 

40.1 39 

-4.177 

2200 

8.696 

74.688 

67.193 

16.487 

61.523 

36.155 

-3.790 

2239 

8.896 

74.843 

67. 324 

16.834 

81.299 

37.389 

-3.649 

2239 

8.698 

74.843 

67. 324 

16.834 

^6. 149 

37.309 

-3.649 

2 300 

8.900 

75.083 

67.528 

17.377 

75.803 

36.334 

-3,452 

2400 

8.90 3 

75.462 

67.851 

18.267 

75,231 

34,629 

-3.153 

2500 

0.906 

75.826 

68.162 

19.158 

74.659 

32.951 

-2.880 

7600 

8.909 

76.1 75 

66.464 

20.049 

74.003 

31.295 

-2.630 

2700 

8.911 

76.511 

68.756 

20.940 

73.506 

29,657 

-2.400 

2800 

8.914 

76.835 

69.039 

21.831 

72.925 

20.046 

-2.189 

2900 

6.916 

77.140 

69.31 3 

22.722 

72. 342 

26.455 

-1 .994 

3000 

8.91 7 

77.450 

69.579 

23.614 

71 . 758 

24.882 

-1 .813 

3100 

8.919 

77.743 

69.838 

24.506 

71.172 

23.329 

-1 .645 

3200 

8.920 

78.026 

70.089 

25.390 

70.503 

21 . 797 

-1 .489 

330C 

0.922 

78.301 

70.334 

26.290 

69.093 

20.278 

-1.343 

1400 

6.923 

78.567 

70.572 

27. 182 

69, ^09 

18.783 

-1 .207 

3500 

8.924 

76.826 

70.804 

28.074 

60.6v‘'5 

17,303 

-1.080 

3600 

8.925 

79.077 

71.031 

28.967 

68.208 

15.840 

-0.962 

3700 

0.926 

79.322 

71.251 

29.059 

67,610 

14.396 

-0.850 

3800 

8.927 

79.560 

71.467 

30.752 

6 ’.OlO 

12.964 

-0.746 

3900 

8.928 

79. 791 

71.677 

31 ,645 

66.409 

11.552 

-0.647 

3995.89 

8.928 

80.008 

71 .875 

32.502 

65.826 

10.206 

-0.558 

3995.69 

0.928 

80.008 

71 .675 

32 .502 

-52.319 

10.206 

-0.558 

4000 

A. 928 

80.01 7 

71.883 

32.538 

-52. 327 

10.258 

-0.560 

4100 

8.929 

80.238 

72.084 

33.430 

-52.610 

1 1.624 

-O.630 

4200 

8.930 

80.453 

72.281 

34.323 

-52.895 

1 3.405 

-0.697 

4300 

8.930 

80.663 

72.473 

35.216 

-53,184 

14.990 

-0.762 

4400 

6.931 

80.869 

72.662 

36. l09 

-'*3.4 77 

16.574 

-0.823 

4500 

8.931 

81 .069 

72.846 

37.003 

-53. 771 

10.173 

-0 .883 

4600 

8.932 

61 .266 

73.027 

37.896 

-54,071 

19.777 

-0.940 

4700 

8.932 

01 .456 

73.205 

38.709 

-54,375 

21.378 

-0.994 

4800 

8.933 

81 .646 

73.379 

39.582 

- 5 4 .683 

22.998 

-1 .047 

4900 

8.933 

81.630 

73.549 

40.575 

-54.995 

24.624 

-1 .098 

5000 

B.933 

82.010 

73.717 

41 ,469 

-55. 313 

26.250 

-1.147 

5100 

8.934 

62.167 

73.881 

42. 362 

-55.638 

27.883 

-1.195 

5200 

8.9i4 

62.36] 

74.642 

43.256 

-55.969 

29.531 

-1 .241 

5300 

8.935 

82.531 

74.2OI 

44.149 

-56. 309 

M .179 

-1 .286 

5400 

8.935 

82.690 

74.357 

45.042 

-56.658 

32.829 

-1 .329 

5500 

8.935 

8 '•.06? 

74,510 

45,936 

-57.016 

34.497 

-1 .371 

5600 

0.935 

83.023 

74.661 

46.829 

-57.390 

36.155 

-1 .411 

5700 

6.936 

83.161 

74.009 

47, 72 3 

-57. 7 76 

37,835 

-1.451 

5600 

0.936 

83.337 

74,954 

48,61 7 

-58.1 80 

39,^20 

- 1 .409 

590C 

8.936 

83.489 

75.090 

49.510 

-50.605 

41 .212 

-1 .527 

5 000 

8.936 

6 3 . <1 » 9 

75.239 

•>0.404 

-59,054 

42.900 

-1 .‘*63 
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RHODIUM MONOXIDE (RhO) (IDEAL MOLECULAR GAS) gfw = 118. 91 


= 88. 691 kcal gfw 


-1 


Ground State Degeneracy = 4 


H 


298. 15 


- = 2. 119 kcal gfw“ 


Ah° 298 . 15 = 88.400 kcal gfW 1 
^298. 15 * 57,727 cal deg K“ ^ gfw" ^ 


cm 


state 

g 

E 

“'e 

Cu X 

e e 


Be 

® e 

y„xl0^ 

DgXlO^ 

X 

4 

0 

820 

— 


0. 373 

- 

- 

— 


Heat of Formation 

Estimated by analogy to data for Rh02(g)* 

Heat Capacity and Entropy 

Calculated using above estimated spectroscopic constants. 
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TABJLEI85 


SILICON MONOXIDE 


IDEAL MOLECULAR GAS 


Relerrnce State for CalcuUtinu Am'* 

Liquid Si from 16-»0* to 3^6‘K r ' "'o* ®' •” 

J566 K, Gaaaoua Si from 3S66* to 6000*K; 

Ciasrou* O^. Caeeoua SiO. 


(f‘i 


6 

300 

fOO 

300 


1563.77 

3565. / 7 

1600 

3700 

3800 

3 900 

kOOO 


0*000 

7*156 

7*151 

7*542 

7*736 

0.000 

50.555 

50.568 

52.685 

55.377 

INFINl TF 
50,545 
50,555 
50.826 
51.375 

-2.083 
0*000 
0.01 3 
0*752 
1.502 

“26 • 316 
-25*050 
-25.052 
-25*1 76 
-25.331 

-25.316 

“30*553 

-30.593 

-32*625 

-35.719 

7*983 

8*178 

8*329 

8*557 

8*539 

55.810 

57.056 

58.158 

59.156 

60.051 

51.997 

52.632 

53,256 

5^.856 

55.531 

2.288 
3.096 
3.922 
5.761 
5.61 1 

-25.597 

-25.668 

-25.856 

-25.031 

-25.225 

-36. 781 
-38.815 
-50.825 
-52.810 
-55.775 

8.613 

8*673 

8.723 

8 ■ 765 
8*799 

60.859 
61 .61 1 
62.307 
62*955 
63*561 

55.978 

55.500 

55.997 

56.572 

56.925 

6.568 

7.333 

6.203 

9.077 

9.955 

-25.526 
-25.635 
-25.850 
-26.075 
-26. 309 

-56.719 

-58*657 

-50*555 

-52*559 

-55.323 

8.829 

8.853 

8.853 

8*055 

8.878 

8*899 

«.9|8 

65.130 
65.615 
65.615 
65 . 666 
65.1 73 
65.653 
66.110 

57.357 

57.731 

57. 731 

5 /•7 /i 
56.169 
58.550 
58.91 7 

10.837 

1 1 *633 
il .633 
ii . 721 
12.606 
13.597 
15.388 

-26 551 
-26.776 
- 36. 72*» 
-38, 7:>i 
-39.012 
-39.281 
-39,557 

-56.183 

-57.855 

-57.855 

-57.957 

-59.080 

-60.187 

-61,280 

8.935 

8.950 

6.965 

8.977 

8.990 

66*556 

66.962 

67.360 

67.752 

68.109 

59,270 

59,610 

59,938 

60.256 

60.562 

A5.260 

16.175 

1 7.070 
17.96 7 
i 8.865 

-39.833 
“50.1 10 
“50. 387 
“50 . 668 
-50. '1^59 

-62.360 

-63.525 

-65,580 

-65.5^3 

-66,551 

9.001 
9.012 

9.02 3 
9.033 
9.053 

68.562 
66.601 
69.129 
69.556 
69. 75 3 

60.860 

61.158 

61.527 

6 1 .696 
61.961 

i 9, 765 

2 0 * 666 
21 .567 
22.570 
23.375 

-51 .230 
“51.51 3 
-51 . 799 
-52.085 
-52, 

-67.570 

-68. 581 

-69.576 

-70.563 

-71.538 

9.05 3 
9.063 
9.072 
9.002 
9.092 

70.05C 

70.137 

70.616 

70.687 

71.151 

62.216 

6 2. 56 7 
62.710 
62.956 

6 J.l 77 

25.279 

25^165 

26.091 

C6.999 

27.906 

-52.662 
-52.953 
-5 3. 'f <, 

-5 3,5. ' 
“53.03. 

-72.507 
“7 3.566 
-75,515 
-75.351 
-76.283 

9.099 

9.099 
'^.102 

9.1 12 
9.123 
9.115 
9.157 

71 .320 

71 . 320 

71 .507 

71 .657 

71 .900 
72.137 

72. 369 

63.326 

63. 326 

63, 4.02 
63.622 
63.6)7 
65.057 
65,252 

28.506 

26.506 
28.618 
29. 728 
30.650 
31.553 
32.567 

“55.025 
“1 35.^19 
“1 35. .>62 
-i 35.695 
“1 35.826 
“135.960 
-136,093 

-76.892 
-76.892 
-76.328 
-75 .602 
-73.031 
-71 ,380 
-69.718 

9.1 60 

9. 1 75 

9. I 89 
9.205 
9.223 

72.595 

72.616 

73.032 

7 i • 255 
73.551 

65.553 

65 a 650 
65.652 
65,031 
65.216 

33. 382 
35.299 
35.21 7 
36.137 
37*058 

-1 36. 229 
-1 36. 36^ 

“1 36.599 
“1 36.635 

36. 772 

-68.062 
-66.393 
-65. 727 
-63.055 
-61.381 

9.252 
9*262 
9*285 
9.30 7 
9.333 

73.655 

73.655 

75.059 

75.251 

75.529 

65.397 

65,575 

65. 750 
65.922 
66.090 

37.962 
38. 907 
^9.835 
> • 765 

5l *696 

-1 36.909 
“137.055 
“137.165 
-137. 322 
“1 37*562 

-59. 705 
“5r . 026 
— tj , 356 
“55.663 
“52.970 


infinite 

22*322 

22*213 

17.B24 

15.175 

13.397 

12*118 

11*152 

10*395 

9.785 


7<i.6l5 66*256 i>2*630 -137*605 -51*279 

7<i.7h» 7 66.<il9 53*568 -1 37*758 -59.588 

75.976 66. ->79 55.508 -1 37.89S -57,893 

75.153 66*73o 55.552 —138.055 -56.191 

75.327 66.89i 56.399 -138.202 -55,586 

7*?. 599 6 7,053 57.350 -1 38.365 -52*780 

79.668 67.195 58.305 -138.538 -5l.0d3 

75.835 67.352 59.26^ “138.722 -39.366 

76.000 67.58/ 50.226 -138.921 -37.655 

76.16* 67.631 51.193 -139.137 -35.932 
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SILICON MONOXIDE (SiO) 


(IDEAL MOLECULAR GAS) 


glw = 44.09 


AHfo = - 24 , 316 kc*l gfw‘* ^1298. 15 = -^^ 04 kcal gfW* 

Ground State Configuration 

H298. 15 - Hq = 2.083 kcal gfw*^ ^298. 15 = 50.544 cal deg K** gfw-i 


State 

g 

E 


t^e xe 

Ye 

Be 

Ofe 

Ye X 10^ 

De X 106 


* 

cm"^ 

0.0 

cm“ ^ 
1241.44 

cm" ^ 
5.92 

cm”^ 

0.0 

cm“ ^ 

0. 72729 

cm* ^ 
0.00508 

cm* ^ 

0.0 

cm* ^ 
1.02 

3 

1 , 

6 1 

I 

32000 

1000 

1 

6.0 

0.0 

0.67656 

0.0 

0.0 

1.4 


Heat of Formation 


Am interim measure, the value by Wise Qi has been used. This value 
may be modified slightly by using internally self-consistent functions generated 
on this project. 


Heat Capacity and Entropy 

Have been calculated using ground-state data by I^agerqviat and LJhler^ and 
excited state from Verma and Mulliken. ^ 
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S1LIC0N HSMSXloe (SiO) llOCAL MStfCULAR UAS) uFto - 

suHHARY tf Uncertainty 


T . 'll 






V "59. 

- ICc*l/g/- - 

.\Hf 


29Belb 


0*009 

* 

0,009 

± 

0.009 


0.000 

±0. 4 S 0 


1000 


0.009 


0.006 


0,009 

± 

0.009 



2000 


0.008 

± 

0,008 


0,006 


0.010 



3000 


0.010 

± 

0.010 

± 

0.008 


0,020 



4000 


0.040 

± 

0.012 

* 

0,009 

± 

0.030 



9000 


0.200 


0.039 

± 

0,019 


0,130 



6000 


0.700 

± 

0.110 

± 

0,029 

* 

0.900 




2.218 










table 186 


Uquld Sr from * 5 “* J"* V ^oHd Sr from 0* to IOdS»K 

— - ■• »i"ru,t ;7ro fr s,r„-?.X”” 


U5r 


T.*IC 

0 

79 B*]b 

300 

4»00 

300 

600 

700 

SOO 

Bb ? 

667 

900 

1000 

1043 
1043 
1 100 
1 700 
1 300 
1400 
1 500 

1600 
1640.43 
1640.4 • 

1 700 
IfiOO 
1 900 
7000 

7100 

7700 

7 300 
7400 
7300 

7600 

7690 _ 

7690 

7700 

7800 

7 900 

3000 

3100 

3700 

3300 

3400 

3500 

3600 
3 700 
3600 
3900 
4000 

4100 

4700 

4300 

4400 

4500 

4600 

4700 

4600 

4900 

5000 

5100 

5200 

5300 

5400 

5500 

5600 
5 700 
5600 
5900 
6000 




0.000 
10.760 
10.764 
1 1 .663 
17.136 

17.453 
17.694 
17.694 
13.006 
13.006 
1 3.0 71 
13.733 

13.303 
13.303 
13.366 
d 3.537 
1 .6 74 
. 3.813 
. 3.949 


— gtm 

4 -<fT - 



0.000 

13.060 

13.177 

16.365 

19.073 

71.765 
73.704 
74.917 

75.879 

75.879 
76.44 1 
77.877 

78 . 41 1 
78.411 
79.095 

30.766 
31 . 355 
37.374 
33.331 


infinite 

13.060 
1 3.060 
13.496 
14.343 

15.315 
1 6 . 30 7 

17.778 
1 7.867 
1 7.867 
18.717 
19,106 

1 9.494 
1 9.494 
1 9.95 7 
20.768 
71.541 

22.779 
77.984 


. 4.063 

34.716 

73.659 

- 4.130 

34 . t ,93 

71.928 

. 4.136 

34 . ^>93 

73.978 

14.216 

35.094 

74, 307 

14.348 

35.910 

24.979 

14.479 

36.689 

7 5.57 7 

1 4.609 

37 , 43 *. 

76.104 

14. 739 

38.151 

76.661 

14.868 

38.840 

27.199 

14.997 

39.503 

7 7 . 720 

15.175 

40.144 

78.724 

15.753 

40. 764 

28.71 3 

15.181 

41.365 

79.189 

1 5.496 

41 .891 

79,605 

"l 7.000 

47.8 76 

79 . 605 “ 

1 7.000 

47,939 

79.673 

1 7.000 

40.557 

10. 316 

17.000 

49,154 

10,975 

1 7.000 

49.730 

31 ,590 

17.000 

50,707 

37.184 

1 7.000 

50.827 

37.759 

1 7.000 

51 .350 

33.314 

1 7,000 

51 .858 

33.857 

1 7.000 

57.150 

34.374 

1 7.000 

52.879 

34.880 

1 7.000 

51.795 

15.371 

1 7.000 

‘- 3.749 

35.849 

1 7.000 

‘' 4.190 

36.311 

1 7.000 

54,671 

16,766 

1 7,000 

55.040 

3 7.706 

1 7,000 

55.450 

17.636 

1 7.000 

55 . 8*,0 

18,055 

17.000 

56.741 

18.464 

17.000 

56.671 

38.861 

17.000 

56.996 

39.253 

1 7.000 

57.367 

19.635 

17.000 

57.770 

40,008 

1 7.000 

58.070 

40.373 

17.000 

58.414 

40.730 

1 7.000 

58. 751 

41 .080 

17.000 

59.081 

41 .471 

1 7.000 

59.405 

41.759 

1 7.000 

' 9.777 

47.089 

1 7.000 

60.034 

47.41 3 

17.000 

60.341 

47.730 

1 7.000 

60.641 

43,047 

1 7.000 

60.937 

43.346 

I 7.000 

61 .778 

4 3 ,648 

1 7.000 

61.513 

43.944 


- 7 . 03 « 

- 140.551 

- 140.551 

0.000 

“ 141 , 100 

“ 133.961 

0.020 

- 141.099 

- 133.917 

1 • 1 4 6 

“ 140.987 

- 131.539 

7.340 

“ 140.060 

- 129,192 

3.570 

- 1 40.749 

- 176.866 

4.878 

“ 140.661 

- 174,563 

6.106 

- 140.600 

- 177.767 

6.910 

- 140.570 

- 170.847 

6.910 

- 140.770 

- 170.847 

7.406 

- 140. 786 

- 119.969 

a . 721 

“ 140.800 

- 117.655 

9.316 

- 140.804 

- 116.613 

9.318 

- 147. 774 

- 116.613 

10.052 

- 147.701 

- 115.738 

1 1 . 398 

- J 42.559 

- 117,748 

17.758 

- 142 .^ ''7 

- 110.770 

14.133 

- 142./ 45 

- 107.805 

15.571 

- 142.072 

- 105.350 

16.973 

- 141 .868 

- 102,907 

17.501 

- 141,807 

- 101.909 

1 7.501 

-1 74.814 

- 101.909 

18.338 

-1 74.531 

- 99.788 

19.766 

- 1 74.046 

- 94.877 

71.207 

- 173.557 

- 90.492 

27.667 

- 1 73.049 

- 66.133 


- 81 .801 
- 77.490 
- 73.204 
- 68.943 
- 64.705 

- 60.487 
- 56 . 707 _ 
"'- 56.707 
- 56.344 
- 52.766 
- 49.211 
- 45.675 

- 47.160 

- 38.669 

- 35.190 

- 31.731 

- 78,787 

- 74.050 

- 71.428 

- 18.012 

- 14.611 

- 11.717 

- 7.827 

- 4.444 

- 1.061 

7.310 

J .685 

9.057 

17.477 

15.797 
19. 166 
77.544 

75.919 

79.797 
32.667 
36.066 
39.459 

47.857 

46.767 

49.673 

53.097 

56.574 


infinite 

98.192 

97.554 

71.666 

56.467 

46.210 

38 . 68 e 

33.400 

30.636 

30.638 

79.131 

75.712 

24.387 

74*387 

77.895 

70.533 

18.537 

16.878 

15.349 

14.056 

13.572 

13.577 

17.764 

11.519 

10.408 

9.417 

8.513 

7*698 

6.956 

6.278 

5.656 


5*084 

_ 4.607 

4.607 

4.561 

4.118 

3.708 

3.377 


15 December 1962 


7.977 
7.641 
7.330 
7.040 
1 .766 

1.508 
1 .266 
1 .036 
0.819 
0.613 

0.417 

0.231 

0.054 

- 0.115 

- 0.276 

- 0.430 

- 6.578 

- 0.719 

- 0.855 

- 0.985 

- 1.111 

- 1.231 

- 1.348 

- 1.460 

- 1.568 

- 1.672 
- 1.774 
- 1.877 
-1 .967 
- 2.059 


Rcr 
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STRONTIUM MONOXIDE (SrO) (CONDENSEt) PHASE) 


gfw = 1 03. 63 


Ah®298. 15 = ‘00 ®298. 15 = 1 3- 060 cal deg K' ‘gfW ‘ 

T„ = 2690®K Ah^ = 16. I kcal gfW* 

* 

“ 298 . 1 5**^0 = 038 kcal gfw'‘ 

C® = 12. 13 f 1. 26 X lO'^T - 1. 55 X lO^T'^ cal deg K*‘gfw'‘ 

P 

298. IS^’k ^ T ^ 2690®K 

Cp = 17. 0 cal deg K‘*gfw‘ ‘ 2690°K ^ T < 6000®K 

Structure 


An f. c. c. (NaCl) type. 

Heat of Formation 

Based on data from Rossini et al. ^ 

Heat Capacity and Entropy 

Low-temperature data by Anderson. ^ High-temperature data valid 
to 1266^K by Lander^ and Kelley"* extrapolated to melting point. Liquid heat 
capacity estimated. 

Melting and Vaporization 

Heat of fusion estimated. See Da rriault et al ^ for delailb. 

References 

1. Rossini, F, ct al, Nat, Bur. Stds. (U. S, ) Circ. 500 (1V5^). 

2. Anderson, C. T. , J. Am. Chem, Soc. 42^ (1935). 

3. Lander, J. J. , J. Am. Chem, Soc. 7 3, 5794 (1951 ). 

4. Kelley, K. K. , U, S. Bur. Mines, Bull. 584 (1960). 

5. Barriault, R. J. et al. ASD TR 61-260. F^t. I (May 1962). 


STRSNT lUM MONOXIDE (SrO) (CeNOEHSCO PHASE) Of^ • 103.63 

iUMNAWY ^ UNCERTAINTY ESTIMATES 


T,®K 


cl'' 

4 

"K |fw 

-fFy - 

1 '^ 

Itfw — 
Mi; 



I. 


298. IS 

* 0.200 

A 0.200 

A 0.200 

A 0.000 

A 2.000 

4 

2.2L0 

4 1 

.620 

1000 

4 0.940 

A 0.6S0 

A 0.390 

A 0.260 

A 2.440 

4 

2.960 

4 0 

.650 

2000 

* 1.780 

A 0.940 

A 0.600 

A 0.680 

A 3.730 

4 

4.2S0 

4 0 

.460 

2690 

A 2*660 

A 1 .070 

A 0.700 

A 0.990 

± 4.040 

4 

4.930 

4 0 

.400 

2690 

A 1.000 

A I.S90 

A 0.700 

A 2.390 

A S.440 

4 

4.930 

4 0 

• 400 

4000 

A 2.000 

A 2.190 

A 1 . 100 

A 4.3S0 

4 7.400 

4 

7.4S0 

4 0 

• 410 
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table Ift7 


Liquid Sr from 1044* ®' *“ 

_! /• Coreou, Sr from 1^1 • ftoOO-K: Ga..o„. O^i Ceou. SrO. 

— 

T.-K 't ^ C o — Kcl/gfw. 


r 

?9eo li 


16/^0 
1 ft 0 , i, 

1 6<*0o^. ■% 

I 70 C 
1«00 
1 900 
?000 


o.ooo 

5 7. IftS 

5 7. 

59.b?5 

61 .396 

6?«961 
fti. . 30? 

6 5 ■ ft 7^ 
66.133 
66.1 33 
69.61s 
67.ft6? 

67.84.4 
67.844. 
66. 3C? 
69.08? 
69.60] 

7 C . ft 6 'V 
71 ,093 

71 .6 77 
71 .907 
71 .907 

7?.2?e 

7?. 7ft8 
73.?ft? 
73.711 

7ft . 1 66 
7ft .68ft 
7ft. 996 
79.390 
7 S. 76 ft 

76.133 
7 6 , ft 9 1 
7ft.ftftl 
76 .ft 89 
76, 8?6 
77.196 
77,4,79 

77.789 
78.007 
78.360 
70 .666 
78 • 9ftft 

79. ?l6 
79.461 
79. 7ft0 
79.993 

80. ?ftl 

pO.ftBft 

60.7?? 

60.999 

61 .left 

81 . ft09 


infinite 

57.14,9 

57.149 

57.4,60 

58.067 

58.796 

59.ft9ft 

60.135 
60.9ft3 
60,543 
60.787 
61 .ft08 

61 .676 
61 .676 
61.996 
62.555 
63.005 
6 3.50 9 
6ft. 069 

6ft. 9?6 
6ft . 708 
6ft, 708 
6ft, 963 
69 , 38 ? 

65. ;S3 
66.168 

66.538 

66.895 

67, ?3fl 
6 7. *.70 

67.091 

68 . ?01 

66. ft73 
68.4,73 
66.50? 

68 • 79ft 

69.077 
69, 353 

69.6?0 

69.881 

70. 1 35 
70, 383 
7C . 6 ? ft 

70,860 

71 .091 
71,316 
71.537 
71,793 

71 .96ft 
7?. 171 
72.375 
7?. 5 7ft 
72.769 


6 • ftft 5 
6.ftft5 
6.936 
7.832 
8.731 
9.63? 
10.536 

1 1 .ftft? 
11.813 
11.813 
12.3ft9 
1 3,?59 
19.17? 
1 5.086 


-1ft. 878 
-I6.8ft8 
-17.01 7 
-1 7. 3?5 
-17,63ft 
-1 7.9ft6 
-18.?57 

-18.569 
-18.690 
-51.70? 
-51 . 7?0 
-5 1 . 753 
-51 . 707 
-51.825 

-51.866 

-51.91? 

-51.96? 

-5?.0?0 

-52.087 


-11.87ft 

-10.305 

-18. 3ft? 

-20.325 

-22.25ft 

-24.133 
-25,966 
-27.753 
-28.838 
-28.838 
-2 V.486 
-31.157 

-31.89ft 
-31.894 
-32.681 
-3ft. 093 
-35.477 
-36.839 
-38.177 

-39,494 
-40.029 
-40.029 
-39.60ft 
-38.992 
-38.1 77 
-37.460 

-36.743 

-36.022 

-35,?97 

-34,573 

-33.849 


infinite 

13.417 

13.362 

11.104 

9.727 


20.62? 

-52.164 

-33,116 

2 . 78ft 

2] .461 

-52.245 

-32.460 

2.637 

?1 .461 

-52.245 

-32.460 

2.637 

21 ,55ft 

-5?.?5ft 

-32.38ft 

2 .621 

22.489 

-5?. 358 

-31.648 

2.470 

2*' . 7 

— 5 2 . ft t>0 

-30.908 

2.329 

24.367 

-52.621 

•30.163 

2.197 

25. U 1 

-52. 782 

-29.410 

2.073 

26.258 

-52.960 

-28.660 

1 .957 

27.208 

-S3.K3 

-27,899 

1 .848 

20. 167 

-53,420 

-27,136 

1 .744 

29.119 

-53.689 

-26.358 

1 .646 

30.079 

-53.990 

-25.579 

1.553 

31 .0ft? 

-5ft. 32ft 

-24.791 

1.464 

32.009 

-54,692 

-23.907 

1.379 

32.980 

-55,096 

-23.183 

1 .299 

33.95ft 

-55.535 

-22.366 

1 .222 

34.931 

-56.01? 

-21,533 

1 .148 

35.912 

-5o. 525 

-20,692 

1 .077 

36.897 

-57.074 

-19.838 

1 .008 

37.806 

-57.659 

-18.075 

0.942 

36.878 

-50.280 

-18,-392 

0.079 


9.985 

01.630 

72.962 

39.875 

-58.935 

10.024 

61.847 

73.150 

ftO.875 

-59.627 

10.063 

82.060 

71. 316 

41 .879 

-60.351 

10.103 

82,270 

73.510 

42.887 

-61 .108 

10.144 

82.477 

73,697 

43,899 

-61.897 

10.184 

82.68] 

73.07ft 

44.91 5 

-62.718 

10.226 

82.881 

74,048 

45.935 

-63.569 

10.267 

83.079 

74.219 

46.959 

-6ft .450 

10.310 

M.27ft 

7ft. 387 

47.987 

-65,r36 3 

10.352 

d J .466 

74.553 

49.020 

-66. 302 

10.395 

83.656 

/ft. 71 7 

50.056 

-67.274 

10.439 

01.843 

74.070 

51,097 

-68.275 

10.482 

84.028 

75.038 

52, 1ft 1 

-69. 307 

10.526 

84.210 

75.195 

53.193 

-70.37? 

10.571 

84.39] 

75. 3*>0 

54.247 

-71 .471 


15 

Decembrr 

1962 



-17.204 

-16.295 

-15.379 

-14.444 

-13.490 

-12.530 

-11.556 

-10.554 

-9.541 

-8.513 

-7.470 

-6.400 

-5.331 

-4.229 

-3.114 
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STRONTIUM MONOXIDE (SrO) 

H^q = -1 1.874 kcal gfw ^ 
Ground State Configuration = 
” 298 . 15 -”o = 2 . 161 kcal gfw'l 


(IDEAL, MOLECULAR GAS) gfw = 103. 63 

Z^h'^ 298 . 15 ' 6 ^^ ' 

^298 15 ■ K"^gfw*^ 


cm" ^ 


State 



g 

E 

«e 

■ 

“^eVe 

Be 


y^xl 0^ 

DpXlf)^ 


3 

0 

653. 47 

3. 95 


0. 3379 

0. 0021 

— 

0. 42 


1 

10885 

619. 6 

0. 9 

— 

0. 3047 

0. 001 1 

— 

3. 2 

m 

2 

24004. 0 

520. 0 

3. 5 

— 

0. 2936 

0. 002 

— 

0. 37 

B 

1 

28546. 4 

480. 2 

2. 6 

— 

0. 2742 

0. 0021 

— 

0. 35 


Hea t of Formation 

Calculated from vapor-pressure data analyzed by Arkermarm and Thort^^ 
based on work of Moore et al. ^ ^ 

Heat Capacity and Entropy 

Calculated using above spectroscopic constants. See volume I, this study 
(section IVB26. 4) and Barriault ^ for details. 

References 


1. Ackermann, R. and R. Thorn, p. 50 of Prog. Ceramics Science , 
edited by J. E. Burke, Pergamon Press (1961). 

2. Moore. G. E. et J. Chem. Phys. 1572 (1950). 

3. Barriault, R. et ^ ASD TR 61-260, Pt. I (May 1962). 
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table 188 


TANTALUM MONOXIDE mt' * i 

ideal molecular gas 

StAt® for Cair- I 

L.lqutd T« (rom 3270 * |o 3706 * *"'* *'■«'»» 0 ' to 3270 *K. 

_ ’ °*''“'** ‘■OOO-K; C...OU. Oj; Cool.. TK>. 


r.^K 


C.J/OIC ,1 

V 



u ■ 

~ “29H 

ah; 

0 

298.15 

300 

400 

500 

0.000 

7.954 

7.956 

8.116 

8,287 

0.000 

58.568 

56.618 

60.927 

62.757 

INFINI TE 
58.568 
58.568 
58.862 
59.460 

-2.258 

0.000 

0.015 

0.818 

1 .638 

52.110 
51 .973 
51.970 
51.799 
51.621 

600 

700 

800 

900 

1000 

8.431 

8.542 

8.628 

8.694 

8.745 

64.261 

65.589 

66.736 

67,756 

66 .674 

60,157 

60.842 

61.508 

62,147 

62.754 

2.474 
3.323 
4.182 
5.04 8 
5.920 

51 .437 
51.248 
51 .652 
50.851 
50.643 

1100 

1200 

1 300 

1400 

1500 

0,787 

6.820 

8.848 

8.872 

8.892 

69.510 

70.276 

70.983 

71 .640 
72.253 

63.331 

63.878 

64.398 

64.892 

65.363 

6.797 
7.677 
8.561 
9.44 7 
10.335 

50.432 

56.213 

49.989 

49.758 

49.518 

1600 

1 700 

1 800 

1900 

2000 

8*910 

8.925 

8.939 

0.952 

8.964 

72.827 

73.368 

73.870 

74.362 

74.022 

65.8] 1 
66.240 
66.650 

6 7.044 
67.421 

11.225 

12.117 

13.010 

13.905 

14.801 

49, ?7l 
49.015 
48. 749 
46.474 
48.1 85 

2100 

2200 

2300 

2400 

2500 

6.974 

8.984 

8.994 

9.003 

9.012 

7*. 259 
75.677 
76.077 
76.460 
76.827 

6 7. 764 
68.134 
66.470 
68.795 
69.109 

15.697 

16.595 

17.494 

18.394 

19.295 

47.882 

47,566 

47.233 

46.862 

46.505 

2600 

2700 

2800 

2900 

3000 

9.020 

9,0?9 

9.037 

9.045 

9.054 

77.181 

77.522 

77.850 

76.168 

78.474 

69.41 i 
69.707 
69.992 
70.269 
70.537 

20.197 

21.099 

2^*002 

22.906 

23.811 

46.108 

45.674 

45.199 

44.671 

44.080 


3100 

9*063 

78.772 

3200 

9.072 

79.060 

3270 

9.079 

79.256 

3270 

9.079 

79.256 

3300 

9.001 

79.339 

3400 

9.091 

79.610 

3500 

9.102 

79.874 

3600 

9.113 

80.131 

3700 

9.125 

80.381 

3800 

9. 1 38 

00,625 

3900 

9.152 

60,862 

4000 

9.166 

61 .094 

4100 

9.182 

61.321 

4200 

9.199 

61.543 

4300 

9.216 

61 . 760 

4400 

9.235 

81.972 

4500 

9.255 

62.160 

4600 

9.276 

82.384 

4700 

9.298 

82.584 

4800 

9.321 

82.780 

4900 

9*346 

82.973 

5000 

9. 371 

83.162 

5100 

9.397 

83.346 

5200 

9*425 

83.532 

5300 

9*454 

83.712 

5400 

9*483 

83.889 

5500 

9.514 

84.064 

5600 

9.545 

84.236 

5700 

9.577 

64.406 

5706*65 

9.580 

84.417 

5706.65 

9.560 

84.417 

5600 

9.611 

84.573 

5900 

9.644 

84.738 

6000 

9.679 

64.901 


70,798 
71,052 
M .226 

71.226 
71,299 
71.5^0 
71 . 774 , 

72,003 

72.226 

72 . 4 , 4 , 4 , 

72.657 

72.865 

73.069 
73.268 
73. 66^ 
73.655 
7 3.84,2 

76,026 

76.206 

76.383 

76,557 

76.727 

76,895 

75#059 

75,221 

75,381 

75,537 

75.692 

75.863 

75.853 

75.853 

75.993 

76,160 

76.285 


26.717 

25.626 

26.259 

26.259 

26.532 

'"•660 

28.350 

29.261 
30.173 
31 .086 
32.000 
32,91 <, 

33.836 

36.753 

35.673 

36.596 

37.520 

38.667 
39. 376 
60.307 
61 .260 
< 5.176 

63.116 

66.055 

66,999 

65.966 

66.896 


63.619 

62.679 

62.111 

35.411 

35.286 
36.85-» 
36.630 

36.002 
33.576 
33.. 66 
32.716 

32.286 

31.656 
31 .623 
30.991 
30.560 
30.129 

29.698 

29.26® 

28.834 

28.600 

27.966 

27.529 

27.090 

26.647 

26.200 

25.768 


67.869 25.287 
68.805 26.817 

68.869 24.786 
68.869 -156,636 
69.766 -157.061 
50.727 -157,707 
51.693 -158.396 


52.110 

66,776 

46.730 

42.341 

39.997 

37.690 

35.413 

33.165 

30.940 

28.739 

26.559 

24.399 

22.256 

20.131 

16.023 

15.932 
13.656 
1 1.796 
9.748 
7.719 

5.703 

3.702 

1.717 

-0.257 

-2.213 

-4,154 

-6.078 

-7,989 

-9.880 

-11.751 

-13.600 

-15.430 

-16,695 

-16.695 

-17,172 

-18.759 

-20.325 

- 21.886 

-23.433 

-24,967 

-26.493 

-28.005 

-29.510 

-30.998 

-32.483 

-33.955 

-35.417 

-36.867 
-38.309 
-39.743 
-41 *174 
-4: .'.87 

-43.994 

-45.392 

-46.785 

-48.170 

-49.538 

-50.907 

-52.263 

-52.353 

-52.353 

-50.649 

-48.811 

-46.955 


INFINITE 

-32*819 

-32*584 

-23*133 

-17*482 

-13.728 
-1 I .056 
- *060 
-7.513 
- 6.281 

-5*277 

-4.443 

-3.741 

-3.143 

-2.626 

-2.176 
-1.781 
-1 .432 
- 1 .121 
-0.843 


15 September 1961 
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TANTALUM MONOXIDE (TaO) 


(IDEAL MOLECULAR GAS) gfw a 196, 95 


AHfo = 52. no kcal gfw* 

Ground State Configuration ^ A 
”298. 15 - ”0 = 2. 258 kcal gfw-1 


AH* 29 g = 51. 973 kcal gfw'l 
®298 15 ~ 58.568 cal deg"^ 



■ . ■ ■ ' ' ■ ■ cm ' " - ■ ■■ ' ■ 

State 

£ 

E 




Be 



Dp X 10^ 


H 

° i 

i 


1013. 17 

5. 0 

0. 0 

0. 4029 

0. 002 

0. 0 

0. 0 

\ '' 5/2 

H 

300. j 










B 

23348 

j 

4. 1 

0. 0 

0 . 3772 

0. 0019 

0. 0 

0. 0 

" 3/2 

1 

B 

24364 

898. 5 ) 







cj2A 

B 

26679 

903. 01 

4. 15 

0. 0 

0. 3775 

0. 0019 

0. 0 

0. 0 


Heat p f F ormation 

Vaporization data reported by Inghram et were analyzed. 

Heat Capacity and Entropy 

Calculated using spectroscopic constants above, based'primar ily on the 
work of Premaswarup and Barrow. ^ 

References 
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tantalum M0N0XIOE (TaO? <I0£AI M0LECUI Afl GAS) 

SUMMARY 0F UNCERTAINTY EGTIMATfS 


GFW » 19t,,9S 


I '’X 

r- 

' p 

cl ' K giw. 

j ' 

298. IS 

* 1 .000 

± \ ,000 

*1 ,000 

1000 

t 1 .000 

*2.210 

41.508 

2000 

4:1 .000 

*2.903 

*2.052 

3000 

A 1 .000 

* 3.309 

*2. AO 8 

AOOO 

* 1 .000 

* 3.396 

*2.6 71 

3000 

± 1 .000 

* 3.620 

42.079 

^oco 

A 1 .000 

4 A .002 

*1.052 




♦ OeOOO t S. (M)U 
t 0. 702 
.702 
*•2. 702 
♦■3.702 
t A. 702 
k5. 702 
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table 189 


TECHNETIUM MONOXIDE 


ideal molecular gas 


StAl® for CAlculatlnff A Hf a irt j * ^ 

Liquid Tc from ^47^• to 4840* K r*.. I* ^ ^‘**'*^ ^*’**"' °* 247 }*K. 

to 6000-Ki G...OU. O^; Ca..ou. TcO 


OTc 


T.'^K 

C 

?98. 15 
300 
400 
500 

600 

700 

800 

900 

1000 

1100 
1700 
1 300 
1 400 
1 500 

1600 
1 700 
1 800 

1 900 

:ooo 

<100 

2?00 

2300 

. 400 

P * 73 
73 

*500 

CO 

2 700 
. fiOO 
. 900 
300 O 

: 1 -30 

?300 

3400 

3 4 01* 

'600 
3 700 
3 800 
^900 
<- OCn 

^100 

4700 

4300 

4400 

4500 

*•600 

-700 

800 

4840.07 

4 8*4 0.0 / 

4900 

5000 

5100 

5700 

5300 

5 4 00 
5500 

5 600 
5 700 
5800 
5900 
60('0 


C«I/"K Mfw . „ . 

's 


o o 

-^*■7 - H?98i/T' 

n o 

ahJ 

0.000 

7.521 

7.529 

7.911 

8.185 

0.000 

57.538 

57.584 

59.805 

61.60? 

INriNiTc 

57.518 

57.538 

57.838 

58.417 

-2.114 

0.000 

0.014 

0.787 

1 .592 

89.004 

88.660 

88.597 

88.425 

88.253 

8.373 

8.502 

8.594 

8.66] 

8.710 

61.11? 

64.413 

65.554 

66.571 

67.486 

59.077 

59.748 

60.404 

61 .034 

6 1 .634 

2.421 

3.265 

<..120 

4.983 

5.852 

88*074 

87.880 

87.664 

87.431 

87.175 

6.746 

8.778 

8.80] 

8.870 

8.835 

68.318 

69.080 

69.784 

70.437 

71 .046 

6 2. 20 4 

6? . 746 
63.261 
63.750 
64.217 

7.601 

8.480 

9.361 

10.244 

86.898 

86.6OO 

86.280 

85.939 

85.576 

6.848 

8.858 

6.867 

8.875 

8.881 

71.617 

72.153 

72.660 

73.140 

73.595 

64,66? 
65.08 r 
65,493 
65.883 
66.?5e 

11.128 
12.01 3 
12.900 

13.787 

14.675 

05.191 
84 • 784 
84, 356 
83. 9C 
83.433 


8.887 

8.89? 

8.896 

8.90? 

8.90? 

0.903 

8.906 
8 . 909 
8.911 
8.91 3 
8.915 

8.917 

8.918 
8.970 
8.921 
0.9?? 

8.923 

8.925 

8 . 9? 5 

8.976 

8.927 

0 .978 
8.979 
0.9?9 
8.9 30 

8.930 

8.931 

8.931 

8.932 

8.932 

0.93? 

8.93? 

8.933 

fl . 9 3 ■» 

8.933 

8.934 
8.934 

8.934 

8.935 

8.935 
8.9 35 

8 .936 
8.936 


74.028 
74 .442 
74 . 8 37 
75.216 
75.483 
75.483 

75.579 

75.929 
76 . 265 
7 6.569 
76.907 
77,704 

77.496 

77.779 

78.054 

78.320 

70.579 

70.830 

79,074 

79.312 

79 . 544 
79. 770 

79 . 9 *. : 
80.206 
00,416 
00.621 
80.072 

81.010 

01.710 

81 . 3'v0 

e 1 . - 7 2 

8 1 .477 
81.503 
81.763 

8 I , 940 
87 . 1 M 

02 . 7«4 

87.451 

87 . 6 1 •« 

87.7 75 
82.934 
83,069 
6 ' - 7 4 7 
fi ' . 197 


66.61 7 
66.964 
67.298 
67.620 

67.848 

67.848 
67,931 

6 8 . 2 3 7 
60.523 
68.805 
69.079 
69,345 

6 9,60 3 
69,854 
70.099 
70. 337 
70,568 

70.794 

7 1 . 0 1 :> 
71 .230 
71.440 
^1.646 

71.047 
77.043 

77 .235 
72,474 

72. fc^0 

77. 709 
7-'. 366 
73.140 
73,708 
73.208 

73, 31 0 
73,i. 77 

73.64/ 

7 l.flO 3 
7 1 , vr, 1 
74.11 ’ 
74.270 

74,420 
74 , S^8 
74,714 
7 4.8^ ” 
74 . 998 


15.563 
16.452 
1 7. 34 1 
18.231 
18.881 
: 8.881 
19.121 

20.012 

20.903 

21 . ''94 
22.685 
23.576 

24,468 

25.360 

26.251 

27.144 

28.036 

28. » 2 0 
29.820 
30. ■'? 3 
31 ,605 
32.498 

33. 391 
34 ,284 
35.177 
36.070 
36.963 

^7.856 

30.749 

'9,647 

39.999 

39.999 
4 0 . 5 » 4 
4 1 ,478 


82.938 

82.422 

81.881 

81 . 320 
80.896 
75.208 
75.053 

74.478 

73.900 

73.320 

72. 737 
72.1 52 

71 .565 
70.976 
70. 385 
69, 793 
69.198 

68,601 

68 . 00 ? 

67.403 

66.000 

66.19’ 

65.59? 
64.985 
64,377 
6 3. 766 
63.153 

62.538 
61,971 
61 . 300 
6 . . 050 
” 7 8 , ^ ? 
-79.045 
-79,426 


4 ? . .2 -70.014 

4 3./j‘- -80.213 

44.108 -80.621 

45.007 -81,030 

■.5.H'V4 -01.469 


46.789 
4 7 . r>8 •' 
48.5 76 
49. ^(,*7 
'‘0. »6 3 


-81.912 
-87. 371 
-82.848 
-03.346 

'41, 8(t8 


09.OO4» 
81.136 
61 *090 
78.614 
76.181 

73.783 

71.416 

69.079 

66.769 

64«46e 

62.232 
60.002 
5 7.798 
55.620 
53.466 

51.338 

49.235 

47.158 
45.102 
53.07? 

41.068 

39.584 

37.125 

35.192 

33.796 

33.796 
33,344 

31.687 

30.052 

28.439 

26.846 

25.275 

2:. 72 2 
22.189 
20.670 
19,174 
1 7.699 

16.235 
4.785 
1 3 • 358 
1 1,944 
10.54? 

9.158 
7,792 
6.440 
5.097 
3.770 

2.456 
1.161 
-0. 126 
— 0 . 640 
-0.64 0 

0 . . ' 9 
1.9^ 3 

3,588 

5.234 

6.877 

8.534 

10.200 

11.077 
13.554 
15.239 
16,939 
I rt , {>4 6 


1 5 l)ecfn>ber 1 962 


Log Kp 

INFlNirC 

-59*471 

-59.071 

-42.950 

-33.297 

-26*874 

-22*296 

-18.871 

-16.213 

- 14*693 

-12.364 

-10.927 

-9.716 

-8.602 

-7.790 

-7.012 

-6.329 

-5.725 

-5.188 

-4.706 

-4.274 

-3.882 

-3.527 

-3,204 

-2.987 

-2.907 

-2.915 

-2 .663 
-2.432 
- 2.220 
-2 .023 
-1.041 

-1 .67? 
-1.515 
-I .?69 
-1 .232 
-1.105 

-0.906 

-0,873 

-5.768 

-0.669 

-0.576 

-0.408 
-0.405 
-0.32 7 
-0.2 5 3 
-0.103 

- 0.117 
-0.05*. 
0.006 
0.029 
0 .029 
-0.015 
- 0.086 

-0.154 

- 0.220 

-0.284 

-0 • 345 
-0.405 

-0.464 

-0.520 

-0.574 

-0.627 

-0.679 
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TECHNETIUM MONOXIDE (TcO) 

= 89. 004 kcal gfw" * 
Ground State Degeneracy = 4 


(IDEAL MOLECULAR GAS) gfw = 1 1 5 
^”f298. 15 

S° = 57. 538 cal deg K"*gfw’^ 

298.15 “ “ 


1 


State 

g 

E 

B 

‘"e’‘e 

‘^eVe 

Be 

“e 

V^xlO^ 

D^xlO^ 

X 

4 

0 

854 



0. 385 

— 

— 



Heat of Formation 

Estimated by comparison of dissociation energies of oxides ol neighbor 
ing elements in periodic table . 

Heat Capacity and Entropy 

Calculated using above estimated spectroscopic constants. 
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TABLE 190 


THORIUM MONOXIDE IDEAL MOLECULAR GAS OTh 

Calc\il*tlng AHJ. AFl aimI Log K^- Solid Th from 0* to Z028*K. 

J Th from 2028 * to S060*K. G«»eoua Th from 5060* to 6000* K. Gareoua 0 ^; G aaeoua ThO. 


Liquid 



. 

c«l/®K gf 

■ 


•• K C ttl/f f V 



T,“ll 


4 

« o 

(Ft - 

C • e 

**T “ **298 


AP^ 


0 

0.000 

0.000 

iNFINt TC 

-2.125 

-7.172 

-7.172 

INFINlTf 

298 *16 

7 •627 

58.836 

58.836 

0.000 

-7.640 

-14.399 

10.554 

300 

7 .6 36 

58.883 

58.836 

0.014 

-7.649 

-14.441 

10.520 

AOO 

8.033 

61.137 

59.141 

0.798 

-8.084 

-16.639 

9.091 

SOO 

6.340 

62.963 

59.728 

1.618 

-8.493 

-18.730 

8.186 

600 

8.602 

64.508 

60.399 

2.465 

-8.888 

-20.739 

7.554 

700 

8.851 

65.852 

61.084 

3.338 

-9.268 

-22.664 

7.082 

800 

9.095 

67.050 

61 .756 

4.235 

-9.634 

-24.576 

6.713 

900 

9.331 

68.135 

62. 406 

5.156 

-9.984 

-26.423 

6.416 

1000 

9.551 

69.130 

63.029 

6.101 

-10.317 

-28.231 

6.169 

1 100 

9.750 

70.050 

63.626 

7.066 

-10.635 

-30.007 

5.962 

1 200 

9.923 

70.906 

64.198 

8.050 

-10.939 

-31.755 

5.783 

1300 

10.067 

71.706 

64,745 

9.050 

-11.232 

-33.478 

5.628 

1400 

10.183 

72.456 

65.269 

10.062 

-1 1.516 

-35.178 

5.491 

ISOO 

10.273 

73.162 

65.772 

11.085 

-1 1.792 

-36.859 

5.370 

1600 

10.338 

73.827 

66.255 

12.116 

-12.063 

-38.521 

5.261 

1633 

10.354 

74.039 

66.410 

12.457 

-12.152 

-39.066 

5.226 

1633 

10.354 

74.039 

66.410 

12.457 

-12.806 

-39.066 

5.228 

1 700 

10.382 

74 .<.56 

66.719 

1 3.152 

-13.144 

-40.137 

5.160 

1800 

10.408 

75.050 

67.166 

14.192 

-13.640 

-41.711 

5.064 

1900 

10.419 

75.613 

67.595 

15.233 

-14.154 

-43.255 

4.975 

2000 

10.418 

76.147 

68.010 

16.275 

-14.662 

-44.774 

4.692 

2026 

10.417 

76.292 

68.123 

16.567 

-14.805 

-45.195 

4.870 

2028 

10.41 7 

76.292 

68.123 

16.567 

-18.658 

-45.195 

4.870 

2100 

10.408 

76.656 

68.410 

17.317 

-19.026 

-46.130 

4.801 

2200 

10.391 

77, leO 

68,796 

18.357 

-19.542 

-47.408 

4.709 

2 300 

10.368 

77.601 

69.169 

19.395 

-20.062 

-48.664 

4.624 

2400 

10.342 

78.042 

69.529 

20.430 

-26.588 

-49.896 

4.543 

2500 

10.312 

78.4 64 

69.879 

21.463 

-21.119 

-51.109 

4*468 

2600 

10.281 

78.668 

70,21 7 

22.493 

-21.655 

-52.296 

4.396 

2 700 

10.249 

79,255 

70.544 

23.51 9 

-22.197 

-53.466 

4.328 

2800 

10.217 

79.628 

70.862 

24.542 

-22.745 

-54.613 

4.263 

2900 

10.186 

79.986 

71.171 

25.563 

-23.299 

-55.744 

4.201 

3000 

10.154 

80.331 

71 ,471 

26.SB0 

-23.850 

-56.854 

4.142 

3100 

10.124 

60.664 

71.762 

27.594 

-24.422 

-57.942 

4.065 

3200 

10.095 

80.985 

72.046 

28.604 

-24,993 

-59.018 

4.031 

3300 

10.067 

81.295 

72.322 

^9.613 

-25. » 

-60.074 

3.978 

3400 

1 0.040 

81.596 

72.590 

30.618 

-26. 14,- 

-61.107 

3.928 

3500 

10.015 

61 .887 

72.852 

31.621 

-26.77 1 

-62.130 

3.879 

3600 

9.991 

82.169 

73.107 

32.621 

-27, 320 

-63.132 

3*832 

3700 

9.96<> 

82.443 

73.356 

?3.6l9 

-2'. .912 

-64.121 

3.787 

3800 

9.948 

82.709 

73.599 

34.615 

-28.509 

-65.094 

3*744 

3900 

9.928 

82.967 

73.837 

35.? 09 

-29.169 

-66.052 

3.701 

4000 

9.910 

83.219 

74,069 

36.600 

-29.714 

-66.994 

3.660 

4100 

9.893 

83.464 

74.295 

37.591 

-30. 321 

-67.918 

3*620 

4200 

9.877 

83.702 

74.517 

38.579 

-36.933 

-68.030 

3.S81 

4300 

9.862 

83.935 

74.734 

39.566 

-31.544 

-69.728 

3*544 

4400 

9.849 

84.162 

74,956 

40.552 

-32.166 

-70.652 

3*509 

4500 

9.836 

84.384 

75,154 

41 .536 

-32.787 

-71.477 

3.471 

4600 

9.825 

84.601 

75. 3“‘7 

42.519 

•33.412 

-72.330 

3*436 

4700 

9.815 

64.813 

75.557 

43.501 

-34.041 

-73,177 

3.403 

4800 

9.805 

85.020 

75.753 

44.482 

-34,673 

-'4.002 

3.369 

4900 

9.797 

85.223 

75,945 

45.462 

-35.309 

-'4.817 

3.337 

5000 

9.790 

85.421 

76,133 

^6.441 

-35.951 

-75.620 

3*305 

5060.26 

9.785 

65.538 

76.244 

47.029 

-36. 341 

-76.692 

3*286 

5060*26 

9.785 

65.538 

76.244 

47.029 

-159,106 

-76.092 

3.286 

5100 

9.783 

65.616 

76.310 

47.420 

-1S9.296 

-75.456 

3.233 

5200 

9.777 

85.806 

76.499 

48.398 

-1S9.785 

-73,865 

3.102 

5300 

9. 772 

85.993 

76.677 

49.375 

-160.286 

-72.144 

2.97S 

5400 

9.767 

86.177 

76.852 

50.352 

-160. 798 

-70.460 

2.652 

5500 

9.763 

86.357 

77,025 

51 .329 

-16L. 321 

-68.814 

2.734 

5600 

9.760 

66.534 

77.194 

52.30*^ 

-161 .860 

-67,126 

2.620 

5 700 

9.758 

86.708 

77. 360 

53.281 

-162.414 

-65.432 

2.559 

5800 

9.756 

86.878 

77.524 

54.257 

- t 62.986 

-63. 729 

2.401 

5900 

9.755 

87.046 

77.685 

55.232 

- 163.580 

-62.014 

2.297 

6000 

•9. •’54 

87.211 

77.843 

56.2^7 

-164,198 

-60.290 

2.196 


IS December 1962 
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THORIUM MONOXIDF: (ThO) (IDEAL MOLECULAR GAS) glw - 248. 05 


Ah°o = -7. 172 kcal r/w' * A 11^298. 15='^-^^° 

Ground State Configuration = ^ ^298 IS ' 58.836 cal deg K**gfw^ 

^298. 15'*^0 ■ 



Heat of Formation 

Calculated from data of Darnell et al. ^ 

Heat Capacity and Entropy 

Calculated using spectroscopic constants above, which are based on 
Krishnamurty experimental data^ and data estimated here. 

References 

1. Darnell. A. J. et^ J. Phys. Chem. 341 (1960). 

2. Krishnamurty, S. G. , Proc. Phys. Soc. (London) 64A , 852 (1951 ). 
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tablk m 


TITANIUM MONOXIDE CONDENSED PHASE 


OTi 


Liquid Ti from 19S0* ,o 3SS0*K. 0...ou, Ti from f^SO- .o 6000-K; G.roou. O,: 
Solid TIO from 0* to 2010'K, Liquid TIO from 2010’ to 6000*K. 



- 

c.l/‘'K gl 






T.“K 

P 


<f; - 

- ”298 

ahJ 


Lo* Kp 

6 

O.ooo 

0.000 

IMF IMl Tr 

-1 .473 

-123.436 

-123.436 

INPINITE 

? '9 A • 1 !* 

9.551 

9.996 

9.990 

0.000 

-124.150 

-117,637 

86 .226 

100 

9*583 

10.049 

9.990 

0.018 

-1 24.149 

-117.597 

85 .665 


10.847 

12.998 

1 0 . 384 

1 .046 

-124.096 

-I 15.419 

63.059 


1 1 .626 

1 5 • 507 

11.164 

2.172 

-123.985 

-113.261 

49.504 

600 

12.213 

17.601 

12.073 

3.365 

-123.843 

-111.129 

40.477 

700 

12.710 

19,602 

1 3.014 

4.61 1 

-123.679 

-109.023 

34.037 

80C 

13.159 

21 . 329 

13.947 

5.905 

-123.494 

-106.942 

29.214 

900 

1 3.580 

22.903 

14.056 

7.242 

-1 23.289 

-104.884 

25.468 

1 000 

13.964 

24 .355 

1 5. 734 

8.621 

‘<123.064 

-102.850 

22.477 

1100 

14.376 

75.705 

16.580 

10.039 

-122.820 

-100.842 

20.034 

1 15«> 

14.589 

26.413 

17.031 

10.835 

-1 22.676 

-99.745 

18.873 

1155 

14.589 

26.413 

17.031 

10.835 

-1 23.626 

-99.745 

18.873 

1 200 

14.761 

26.974 

1 7 . 394 

11 .496 

-123.503 

-98.817 

17.996 

1264 

15.004 

27. 747 

1 7.099 

12.448 

-123. 320 

-97.506 

16.858 

1 264 

1 5.642 

28 .396 

17.899 

1 3.268 

-122. 500 

-97.506 

16.856 

1 300 

15.750 

28.836 

18.195 

i 3.833 

-122. 372 

-96.796 

16.272 

1400 

16.050 

30.014 

16.998 

15.423 

-12-».C04 

-94.842 

14.805 

1 500 

16.350 

31.132 

19.770 

17.043 

-121 .619 

-92.916 

1 3.537 

1600 

16.650 

12.197 

20.514 

16.693 

-1 21 . 23 9 

-91.016 

12.432 

1 700 

16.950 

33.215 

21.231 

20.373 

-120.801 

-89.140 

1 1 .459 

1 800 

17.250 

34.193 

21 .924 

22.083 

-1 20.367 

-87,290 

10.598 

1 900 

1 f .550 

35.133 

22.595 

23,823 

-1 19,915 

-85.465 

9.830 

1 950 

1 7.700 

35.591 

22.922 

24.704 

-119,682 

-84.560 

9.477 

1 95C 

17.700 

35,591 

22.922 

24.704 

-123. 382 

-04.560 

9.477 

2000 

1 7.850 

36.041 

23.244 

25.593 

-1 23. i 20 

-83.568 

9.131 

2010 

17.880 

36.130 

23. 308 

25. 772 

-123.066 

-83.370 

9.065 

2010 

14.500 

43.095 

23.308 

39.772 

-109.066 

-83.370 

9.065 

2100 

14.500 

43.731 

24.170 

41.077 

-108.889 

-82.225 

8.557 

220C 

14.500 

44.405 

25.075 

42.527 

-108.694 

-80.961 

6.042 

2300 

14.500 

45.050 

25.929 

43.977 

-108.502 

-79.704 

7.573 

2400 

14.500 

45.667 

26.739 

45.427 

-108. 31 3 

-78.455 

7.144 

2500 

14.500 

46.259 

27.508 

46.877 

-108. 127 

-77.216 

6.750 

2600 

14.500 

46.827 

28.240 

48.32 ? 

-107.943 

-75.981 

6.386 

2700 

14.500 

47.375 

2e.9-»9 

49. 777 

-107.762 

-74.750 

6.051 

2800 

14.500 

47.902 

29.607 

51 .227 

-10 7.50’» 

-73.537 

5.740 

2900 

14.500 

46.411 

30.246 

52.677 

-107.407 

-72.323 

5.450 

3000 

14.500 

46.902 

10.860 

54.127 

-107.2 53 

-71,117 

5.181 

3100 

14.500 

49. 3 78 

31.450 

55.577 

-107.06 ' 

-69.917 

4.929 

3 200 

14.500 

49.838 

32.017 

57.027 

-106.893 

-68.721 

4.693 

3 300 

14.500 

50.284 

32.564 

58.477 

-106. 725 

-67.529 

4.472 

1400 

1 4. *>00 

50. 71 7 

33.092 

59.92 7 

-106.560 

-66.345 

4 .264 

3500 

14.500 

51.137 

33.601 

61,377 

-106. 397 

-65.163 

4 .069 

1550 

14.500 

51 . 343 

■^3 , 850 

62. 1:2 

-106.316 

-64.57-» 

3.975 

3550 

14.500 

51.343 

33,8«^0 

62.102 

-208.773 

-64,577 

3.975 

3600 

14.500 

5 J .546 

34.094 

62.827 

-208.698 

-62.545 

3.797 

3700 

14.500 

51.943 

34.571 

64.277 

-208.559 

-50,486 

3.454 

3800 

14.500 

57. 330 

35.033 

bb.lZJ 

-208.435 

-54,430 

3.130 

3900 

14.500 

52.707 

35.482 

67.177 

-208. 32B 

-50.383 

2.823 

4000 

14.500 

53.074 

35,91 7 

68.627 

-200.234 

-46.332 

2.531 

4100 

14.500 

53.432 

36, 340 

70.077 

-208.1 55 

-42.285 

2.254 

4200 

14.500 

53.781 

36.751 

71,527 

-2 3 3.0^0 

-30.239 

1.990 

4300 

14.500 

54. 122 

37.151 

72.977 

-208.038 

-34.194 

1 .738 

4400 

14.500 

54.456 

37,540 

74.427 

-208.000 

-3 -.148 

1 .497 

4500 

14.500 

54.762 

37,920 

■'5.8 77 

-207,975 

-.0.1 13 

1 .268 

4600 

14.500 

55.100 

38,290 

77.327 

-207.962 

-22.067 

1.0^8 

4700 

14.500 

55.412 

38.651 

70,777 

-207.962 

-18.029 

0.636 

4 800 

14.500 

55.71 7 

39.003 

80,227 

-207.975 

-13.903 

0.637 

4900 

14.500 

56.016 

3 9. 34 8 

81.677 

-207.999 

-9.943 

0.443 

5000 

14.500 

56.309 

39,684 

83.127 

-208.036 

-5.900 

0.256 

5100 

14.500 

56.596 

40.01 3 

84.577 

-208.086 

-1.857 

0.060 

5200 

14.500 

56.878 

40.334 

86.027 

-208.148 

2.189 

-0.092 

5300 

14.500 

57.154 

40.649 

87.477 

-208.223 

6.238 

-0.257 

5400 

14.500 

57.425 

40.957 

88.927 

-200.313 

10.283 

-0.416 

5500 

14.500 

57.691 

41.259 

90.377 

-208.418 

14.337 

-0.570 

5600 

14.500 

57.953 

41.555 

91.827 

-208.539 

18.384 

-0.717 

5 700 

A 4. 500 

58.209 

41 .845 

93.277 

-208.670 

22.443 

-0*660 

5800 

14.500 

58.461 

42.129 

94.727 

-208.838 

26.502 

-0.999 

5900 

14.500 

58.709 

42.408 

96.177 

-209.021 

30 . 566 

-1 .132 

6000 

14.500 

58.953 

42.682 

97.627 

-209.229 

34.628 

-1 .261 
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TITANIUM MONOXIDE (TiO) 


(CONDENSED PHASE) 


= 63. 90 


AH}? 298 . 15 = *5 kcal glw'^ 

Tt = U64°K 


“298. 15 -"o = ‘“'“I 

C° = 10. 57 + 3. 60xl0'^T-l. 86xlO^T'^cal degK"*Rfw** 
C° = 11. 85 t 3. OxlO'^T cal dcgK'*g{w-‘ 

C® = 14. 5 cal degK''gfw'* 

Structure 


®298. 15'^- 99caldegK**glw'* 
AHt =0. 820 kcal gfw-* 
AH^=14. 0 kcal gfw"^ 

^98. 15®K< T< 1264‘^K 
1264*^K< T< 2010OK 
2010^K< T< 6000‘^K 


TiO has an f. c. c. NaCL (Bl) type structure with random vacancies of 
titanium and oxygen lattices. 

Heat of Formation 

Based on combustion calorimetry of Mah et al. ^ 

Heat Capacity and Entropy 

Low-temperature data measured by Shomate. ^ An additional entropy 

contribution ol 1. 68 c. u. added to account for random vacant Ti and O vacancies 
3 4 

as noted by Hoch High -temperature data of Naylor valid to 1800^K 

extrapolated to melting point. Other data estimated. 

Melting and Vaporization 

Melting point from Brewer. ^ Heat of fusion estimated by Kubaschewski and 
Evans. ^ 

References 

1. Mah, A. D, ct^^. U. S. Bur. of Mines, Re^iL 5316 (1957). 

2. Shomate, C. , J, Am. Chem. Soc. 68, 310 (1946). 

3. Hoch, M. J. Phys. Chem, Solids 23, 1463 (1962). 

4. Naylor, B. F.,J. Am, Chem. Soc, 1077 (1946). 

5. Brewer, L. , Chem. Revs. 1 -75 (1953). 

6. Kubaschewski, O. and E. Evans, Metallurgical Thermochemistry, 
Pergamon Press, New York (1958). 


titanium MgNeXlDC (TiO) 


(CtNOCNSeO PHASE) 
SUMMARY 9F UNCERTAINTY ESTIMATES 


GEW • 63*96 













t.*k 




O 

-<P 

a a 

)/T^ 

f o . c ^ \ 

►*T-**298 


Lo| Kp 

29««19 

rk 

0.300 

A 

0.500 

A 

0.500 

A 

0.000 A i.OOO 



1000 

± 

0.300 

A 

0.863 

A 

0.652 

A 

0.211 



1266 

6 

0.300 

A 

0.933 

A 

0.706 

A 

0.290 



1266 

6 

1.000 

A 

1.012 

A 

0.706 

A 

0.390 



2000 

A 

1.000 

A 

1.671 

A 

0.906 

A 

1.126 



2010 

A 

1.000 

A 

l«67t 

A 

0.911 

A 

1.136 



2010 

A 

2.000 

A 

3.666 

A 

0.911 

A 

5.136 



3000 

A 

2.000 

A 

6.267 

A 

1.895 

A 

7.116 



6000 

A 

2.000 

A 

6.863 

A 

2.566 

A 

9.116 



5000 

A 

2.000 

A 

5.289 

A 

3.066 

A 11.116 



6000 

A 

2.000 

A 

5.656 

A 

3.668 

6 13.116 
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TABLE 192 


TITANIUM MONOXIDE 


IDEAL MOLECULAR GAS 


lo J550 K, Gaseous Ti from 3550* to 6000* K 
Gsaeoufl O 2 . Osseous TlO. 


OTi 


6 

296*I6 

)00 

400 

500 

600 

700 

0OO 

900 

1000 

1100 

1155 

1155 

1^00 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

1950 

1950 

?000 

?100 

2 P 00 

?300 

2400 

2500 

2600 

2700 

2800 

2900 

1000 

3100 

3200 

3300 

34O0 

3500 

3550 

3550 

3600 

3 700 
3600 
3900 
4000 

4100 

4200 

4 300 
4400 
4500 

4600 

4f00 

4600 

4900 

5000 

5100 

5200 

5 300 
5400 
5500 

5600 
5 700 
5600 
5900 
6000 


— Cdl/'TC nfm - 

■•■V -(fV ■ 


irj^,/T 


✓ Kemi/gim 

H“t - »^9S ah? 




OdOOO 

7 d 6 l 4 

7 d 82 l 

6.144 

6.405 


0.000 

55.969 

56.037 

58.333 

60*179 


imfjhite 

55.969 

55*969 

56.300 

56.697 


6.595 

61 . 730 

57.577 

6.730 

63.065 

56*268 

6.625 

64.236 

56.942 

6.893 

65.281 

59*569 

8.941 

66.221 

60*206 

6.977 

67*075 

60.793 

6.992 

67.513 

61.102 

8.992 

67.513 

61*102 

9.003 

67.657 

61.349 

9.022 

68.578 

61*878 

9.036 

69.246 

62.361 

9.050 

69.872 

62.859 

9.061 

70.456 

61 * 316 

9.070 

71 .006 

6 3 . 753 

9.079 

71.524 

64.170 

9.068 

72.016 

64*570 

V .092 

72.252 

64,764 

9.092 

72.252 

64.764 

9,097 

72.482 

64.954 

9.106 

72.926 

65.323 

9.115 

73.350 

65.679 

9.125 

73.755 

66.021 

9.135 

74.144 

66*352 

9.146 

74.51 7 

66*671 


- 2 . 4:91 
0.000 
0*014 
0.613 
1 . 64 1 

2.492 
3.358 

4.2 36 
5.122 
6.014 


12.696 

13.000 

12.996 

12.620 

12.634 

12.434 

12.217 

11.966 

11.740 

11.476 


12.696 

5.796 

5.753 

3.365 

1.023 

- 1.261 

- 3.551 

- 5.766 

- 7.994 

- 10.172 


9.157 

9.169 

9.180 

9.193 

9.205 

9.217 

9.2 30 
9.243 
9.255 
9.266 

9.274 

9.274 

9.281 

9.293 

9.306 

9.318 

9.330 


74.876 

75.222 

75.556 

75.678 

76.190 

76.492 
76.785 
77.069 
77.346 
77 . 6 U 

77.746 
77 . 746 
77.876 
78.130 
78.378 
78.620 
78.857 


66.980 

67.279 

67.568 

67.649 

68.122 

66.388 
68 • 646 
66.697 
69.141 
69.380 

69.497 

69.497 

69 . 6.2 

69.839 

70.061 

70.277 

70.489 


6*910 

11*201 

-12*326 

7.404 

11*042 

- 13.497 

7.404 

10*092 

- 13*497 

7*809 

9*960 

- 14*413 

8*711 

9*656 

- 16*434 

9*614 

9*336 

- 16*429 

10*518 

9 . 05 

- 20*400 

11*424 

8*662 

- 22*350 

12*330 

6.306 

- 24*276 

13*236 

7.938 

- 26*163 

14*146 

7 . >58 

- 28*066 

14*601 

7.364 

- 29.002 

14*601 

3,665 

- 29.002 

15.055 

3.492 

- 29*636 

15*966 

3.150 

- 31.496 

16*877 

2*805 

- 33.139 

17. 789 

2*459 

- 34*765 

in .702 

2*112 

- 36*376 

19*616 

i • 761 

-37.974 

20-531 

1*410 

- 39.555 

21 *447 

1.057 

- 41*126 

22*364 

0 . 703 

- 42.676 

23.283 

0,349 

- 44.221 

24.203 

- 0*008 

- 45.753 


25.124 
2 o . 046 
26.970 
27.695 
28.821 

29.285 

29.285 

2 V. 74 y 

30.677 

31.607 

32.538 

33.471 


- 0 . 

-0.72*. 

- 1.063 

-1.442 

-1.604 

-1.964 
-104.440 
— 1 04 • 626 
-105.009 
-105.405 
-105.617 
-106.240 


- 47.275 

- 46.764 

- 50.277 

- 51.761 

- 53.239 

- 53.974 

- 53.974 

- 53.260 

- 51.626 

- 50.366 

- 46.934 

- 47.470 


9*342 

79.087 

70. 696 

34.404 

- 106.676 

- 45.995 

9*354 

79.313 

70.899 

35.339 

- 107.128 

- 44.511 

9*365 

79.533 

71.097 

36.275 

- 107*590 

- 43.012 

9*376 

79.749 

71.292 

37.212 

- 108.065 

- 41.507 

9.367 

79.960 

7 1 .482 

38.150 

- 108.552 

- 39-992 

9.398 

60.167 

71.669 

• .090 

- 109.049 

- 38.460 

9.409 

60.369 

71.852 

4U.030 

- 109*559 

- 36.923 

9.419 

60.566 

72.032 

40.971 

- 110*061 

- 35*372 

9.429 

80.762 

72.208 

41 .914 

— 110*612 

- 33*607 

9.439 

60.953 

72.382 

42.657 

- 111*156 

- 32.240 

9.448 

81.140 

72.552 

43.801 

- 111.712 

— 30*656 

9.458 

61.324 

72.719 

44.747 

- 112.278 

- 29.063 

9.467 

81 .505 

72.684 

45.693 

- 112.657 

- 27.456 

9.476 

61 .662 

/ 3.045 

46.640 

- 113.450 

- 25.642 

9.485 

61.657 

73.204 

47.586 

-U 4.057 

- 24.210 

9.493 

82.028 

73.361 

46.537 

- 114*679 

- 22.580 

V .502 

82.197 

73 . 5 i> 

49.467 

•iiJm >18 

- 20.926 

, 9.510 

82.362 

73.666 

50.436 

- 115.977 

- 19.262 

9.518 

82.526 

73.616 

51.369 

- 116.659 

- 17.592 

9.526 

82.686 

73.963 

52.341 

- 117.365 

- 15.906 




lAFiMlTc 
- 4.250 
- 4.191 
- 1 .636 
- 0.447 

0.467 
1.109 
1 *561 
1 .941 
2.223 

2.449 

2.554 

2*554 

2.625 

2*763 

2.877 

2*972 

3*053 

3*121 

3*179 

3*^26 

3*250 

3*250 

3*260 

3*276 

3.292 

3.303 

3.312 

3.320 

3.325 

3.329 

3.331 

3.332 

3.333 

3 . 33 1 

3.332 
3*330 
3.327 
3*324 

3*323 

3*323 

3.253 

3.061 
2.696 
2.742 
2.594 

2.452 

2.316 

2.166 

2.062 
1.942 

1 .627 
1.717 
1.610 
1.506 I 
1.409 

1.314 
1.221 
1.132 
1 .046 
0.962 

0.661 
0.602 
0.726 
0.652 
0.579 
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HLS 


TITANIUM MONOXIDE (TIO) 


(IDEAL. MOLECULAR GAS) gfw = 63. 90 


= 12.896 Real gfw"^ 
Ground'State Configuration = 
H298. 15 -H© = 2.291 Real gfw"* 


AHf 29 g, 15 = 13.0 Real gfw"* 

S 298 . 15 = 55.989 cal deg K"* gfw"* 


State 

g 

£ 


oUe xe 

“J* ye 

Be 

Ofe 

X 10^ 

De X 10^ 



cm"* 

cm“ ^ 

cm" ^ 

cm"* ^ 

cm“ ^ 

cm* ^ 

cm* ^ 

cm" ^ 

X^ir 

(2 

0 

1008.6 

4.61 

0 

0. 5355 

0.0031 

0 

0.603 



66. 7 

1008.6 

4.61 

0 

0.5355 

0.0031 

0 

0.603 


\z 

141. 3 

1008.6 

4.61 


0.5355 

0.0031 

0 

0.603 

a^A 

2 

581 

1009.6 

o 

o 

0 

0.5362 

0.0 

0 

0.604 


1 

1708 

1023.8 

4. 64 

0 

0.5490 

0.00337 

0 

0.0 

b^iT 

2 

10814 

918. 7 

3. 75 

0 

0.513 

0. 0029 

0 

0.0 


Heat of Formation 


Has been based on a preliminary analysis; a value of AHjo^ IS - l^.O kcalgfw 
is accepted. See volume 1, this study (section IVB 30. 4. 1) for turther references 

Heat Capacity and Entropy 

Have been calculated by use of diatomic gas program. Energy levels are 
based on Herzberg, ^ Phillips,^ and Pettersson and Lindgren. ^ 


References 

1. Herzberg, G. , Spectra of Diatomic Molecules , Van Nostrand, New 
York (1950). 

2. Phillips, J. G., Astrophys , J. 115 , 567 (1952), 

3. Pettersson, A. V. and B, Lindgren, Arkiv Fysik 22, 491 (1962). 


titanium MSNSXIDC (TiO) (10€AL MSLCCULAR <*A6) 


OFw ■ 63*90 


SUMMARY SF UNCERT A INT Y EST IMATES 


■ ^ 

r 

r ® 

P 





Mj - 

Kcl ' gl *. 

Air/ 

29 S .1 S 


0.300 

A 

1.900 

A 

1.900 

A 

0.000 

* s. 000 

1000 

± 

0.300 

A 

1.900 

A 

1.900 

A 

0.200 


2000 

± 

0.200 

A 

2.000 

A 

2.000 

A 

0.300 


3000 

A 

0.200 

A 

2.000 

A 

2.000 

A 

0.400 


4000 

* 

0.200 

A 

2.000 

A 

2.000 

A 

0.600 


5000 

A 

0*200 

A 

2.000 

A 

2.000 

A 

0.800 


SOOO 

A 

0.200 

A 

2.000 

A 

2.000 

A 

1.000 




TABLE t^3 


URANIUM MONOXIDE 


IDEAL MOLECULAR GAS 


ou 


R«f«r«nc# SUU for CalcuUtlng AM* . ^F] . and Log K : Solid U from 0* to 1406*K, 
Liquid U from 1406* to 4124-K, Gasaous U from 4U4* to 6000*K; 

Gasaous O2: Gaaaoua UO. 


6 

296*1^ 

)00 

400 

400 

600 

TOO 

iOO 

900 

940 

940 

lOOO 

104S 

1^46 

UOO 

I 2 O 0 

I3C0 

UOO 

Ud6 

U06 

1400 

uoc 

pOo 

lfi6o 

1 900 
2000 

2160 

2200 

2300 

2400 

2400 

2600 

2700 

2600 

2900 

3000 

3100 

3200 

3300 

3400 

3500 

3600 

3700 

3600 

3900 

4000 

4100 

4123.63 

4123.63 

4200 

4300 

4400 

4500 

4600 
4 700 
4600 
4900 
5000 

5100 

5200 

5300 

5400 

5500 

5600 

5700 

5600 

5900 

6000 



c.iz-a gf« 


-Kc.l/ff« 

AHf 

AF? ^ 

LogKp 

6*000 

0.000 

infinite 

-2«105 

-11 *366 

-11.346 

INFINITE 

7*429 

57.657 

57.657 

0.000 

-11*800 

-18*108 

13.273 

7 .436 

57.703 

57.657 

0.014 

-11*804 

-16.148 

13.220 

7.612 

59.696 

57.954 

0.777 

-12*081 

-20*221 

1 1 .04a 

6.096 

61 .671 

58.525 

1.573 

-12*382 

-22*221 

9.712 

6.300 

63.167 

59.178 

2.394 

-12*726 

-24.158 

8.799 

8.443 

64.456 

59.842 

3.231 

-13*134 

-26.032 

8.127 

6.545 

65.592 

60.491 

4.081 

-13*629 

-27.841 

7.605 

6 . 620 

66.603 

61.115 

4.939 

-14.229 

-29.563 

7.163 

6.644 

66.979 

61.357 

5.285 

-14.503 

-30.260 

7.035 

8 . 644 

66.979 

61 .35 7 

5.265 

-15.186 

-30.260 

7.035 

6.676 

67.514 

61.710 

5.804 

-15.527 

-31.210 

6.821 

6.696 

br , 9 i 2 

61.985 

6.221 

-15.798 

-31.957 

6.664 

6.696 

67*^22 

61.985 

6.221 

-16.918 

-31.957 

6.664 

6.719 

68.344 

62.276 

6.674 

-17.160 

-32.697 

6.496 

6.753 

69.104 

62.614 

7.546 

-17.625 

-34.069 

6 . 206 

6.760 

69.605 

63.325 

8.424 

-18.092 

-35.442 

5.956 

6.601 

70.457 

63.611 

9.304 

-18.559 

-36. 759 

5.736 

6 . 6 O 2 

70.494 

63.640 

9.356 

-18.568 

-36.639 

5.726 

6.602 

70.494 

63.840 

9.356 

-23.286 

-36.639 

5.726 

6.619 

71.065 

64.275 

10.185 

-23. 728 

-37.730 

5.497 

0 . tt 

71 .o34 

64.71 7 

11.067 

-24.200 

-36.647 

5.279 

6.645 

72.1 70 

65.140 

11.951 

-24.672 

-39.535 

5.062 

6.655 

72.676 

65.545 

12.636 

-25.147 

-40.397 

4.905 

6.864 

73.155 

65.933 

13.722 

-25.623 

-41.^32 

4.743 

8.672 

73.610 

66. 305 

14.609 

-26.101 

-42.036 

4.593 

6.674 

74.043 

66.664 

15.496 

-26.582 

-42.626 

4.457 

6.684 

74.456 

67.009 

16.^85 

-27.063 

-43.567 

4.330 

8.869 

74.651 

67.341 

17.^73 

-27.548 

-44.326 

4.212 

6.893 

75.229 

6 7 .662 

16.162 

-26.035 

-45.046 

4.102 

6.697 

75.593 

67.972 

19.052 

-26.524 

-45.746 

3.999 

6.900 

75.942 

68.272 

19.942 

-29.015 

-46.425 

3.902 

6.903 

76.276 

66.562 

20.832 

-29.510 

-47.065 

3.811 

8.906 

76.601 

66.843 

21 . 722 

-30.005 

-47.724 

3.725 

8.909 

76.914 

69.116 

22.613 

-30.503 

-46.350 

3.644 

6.91 1 

77.216 

69.381 

23.504 

-31.003 

-46.956 

3.566 

8.913 

77.506 

69.639 

24.395 

-31 * 506 

49.547 

3.493 

6.915 

77.791 

69.869 

25.267 

-32.010 

-50.122 

3.423 

6.916 

78.066 

70.133 

26. i 76 

-32.516 

-50.661 

3.35b 

8.916 

78.332 

70.370 

27.070 

-33.024 

-51.221 

3.292 

8.919 

78.590 

70.601 

27.962 

-33.53 . 

-51.747 

3.231 

8.920 

78.842 

70.827 

28.854 

-34.046 

-52.262 

3.173 

6.922 

79.086 

71.047 

29.746 

-34.560 

-52.763 

3.116 

6.923 

79.324 

71.261 

30.636 

-35.075 

-53.245 

3.062 

8.924 

79.556 

71.471 

31.530 

-35.593 

-53.715 

3.010 

6.925 

79.782 

71.676 

S2.425 

-36. ill 

-54.1 74 

2.960 

8.925 

60.002 

71.876 

33.315 

-36.632 

-54.620 

2.911 

8.926 

60.053 

71 .923 

33.526 

-36.755 

-54.723 

2.900 

8.926 

60.053 

71.923 

33.526 

-143.656 

-54.727 

2.900 

6.926 

60.217 

72.072 

34.206 

-144.143 

-53.069 

2.761 

6.927 

80.427 

72.264 

35.100 

-144. l67 

-50.696 

2.567 

8.928 

60.632 

72.452 

35.993 

-145.439 

-46. ’03 

2.419 

6.926 

60.633 

72.636 

36.686 

-146*096 

-46^4 99 

2*258 

6.929 

61.029 

72.81 7 

37. ♦ 79 

-1 <»6 * 761 

-44.261 

2*104 

8.930 

61.221 

72.993 

38.672 

-147*431 

-42.040 

1 *955 

6.930 

61.409 

73.167 

39.565 

-146*110 

-39.79 1 

1 *612 

6.931 

61.593 

73.337 

40.458 

-146*794 

-37.532 

1 *674 

6.931 

61.774 

73.504 

41 . 351 

-149*487 

-35.250 

1*541 

6.932 

81.951 

73.666 

42*244 

-150*167 

-32.960 

1 *412 

8.932 

82.124 

73.629 

43.1 37 

-150*694 

-30.650 

1*266 

6.932 

67.294 

73.967 

44.030 

-151*609 

-28.333 

1*168 

6.933 

• / .461 

74.142 

«i4.924 

-152*334 

-25.997 

1*052 

8.934 

62 .625 

74.295 

45.817 

-153*069 

-23.650 

0*940 

8.933 

62. 786 

74.445 

46.710 

-153*616 

-2 i .269 

0.631 

6.934 

82.944 

74.593 

47.604 

-154.575 

-16.9i4 

0*725 

6.934 

83.100 

74.738 

48.497 

-155. 352 

-16.518 

0.622 

6.934 

63.252 

74.861 

49.390 

-156.146 

-14.119 

0.523 

8.935 

83.403 

75.022 50.264 

1 5 June 1 963 

-156.960 

-11.704 

0.426 

MBP 
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URANIUM MONOXIDE (UO) (IDEAL MOLECULAR GAS) gfw = 254. 07 
AHfo = - 1 1 . 346 kcal gfw"* ^^£298, 15 ~ -II. S A 10 kcal gfw* 

Ground State Configuration ^298. 15 ” ^ ^ 

^298. 15 “^0 " l^cal gfW* 

Spectroscopic 

Constyita 

cm"* 

= 920 

^ = 0. 2924 

Heat of Formation 

Calculated from the data of DeMaria, Burns, Drowart, and Inghram. * 

Heat Capacity and Entropy 

Calculated using the diatomic gas program and the constants listed above. 

Reference 

1. DeMaria. G. , P. Burns, J. Drowart, and M. Inghram, J. Chem. 
Phys. 22, 1373 (1960). 
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table 1^4 


tungsten monoxide 


ideal molecular gas 


R^fervnce SUte for CAlcul*tinp \U* a.- 

Liquid W from i650* to S^9rK'’G«. *wP) 

to :)ovi K. G**eou« W'^from S891* to 6000* K: 
Gaaeous O^; Gaseous WO. 


ow 


t.^k 

0 

1 •» 

900 

AOO 

^00 

600 

700 

son 

900 

1000 

1 1 00 
1 200 
1 300 
I AOO 
1 900 

1 600 
1 70r 

1 eon 

1 900 

?ooo 

? 1 on 
??cr 

2 300 
2 A 00 
2^00 

2 6 0^ 

2 70^ 

2flno 

2 9GC 

^000 

31CC 

12Cv" 

3 30-" 

34v''0 




fl. 90fl 
8.910 

6 . V 1 ^ 
. 9 J 9 
8.917 
8.916 

*• . 970 
X • ^f21 
« . 9 2 2 

8 . 9?<. 

8.929 






T - 


0.000 

7.601 

7.609 

7.990 

8.292 

0.000 
96.997 
96*643 
98.608 
60. 701 

infinite 

96.597 

96.997 

96.900 

97.489 

8.428 

8.947 

8.631 

8.691 

8.736 

62.222 

63.531 

64.678 

69.698 

66.616 

98.151 

98.828 

99,489 

60.123 

60.728 

8.770 

8.796 

0.817 

0.834 

8.847 

6 7,490 
68.219 
60.920 
69,574 
70.183 

6 1 . 30 1 

61 .84 6 
62.363 
62.855 
63, 324 

0.899 

0.868 

8.876 

0.881 

8.088 

70.755 

71 .29? 

71 .799 
72.279 

72 .735 

63.771 

64.197 

64,606 

64,997 

69.373 

n . 891 

L , ft Ph 
0.901 

0 , 90 6 

73.169 

7 3 . V 8 3 
73.478 

74 ,35 7 

69.734 
66.081 
66.416 
66. 739 


74.771 

7S.C70 
79.40 7 
79 , 7 M 
76.044 
76 . 346 

76.636 

76.922 

7 7.19^ 
7 7.463 
77.721 


67.091 

67. 393 
67.649 
67.920 
60.702 
66.469 

60.728 

66.979 

69.224 

69.463 

69.699 


«T - »29B 


afP 

-2.122 

^7,910 

97.516 

0,000 

97.400 

90.166 

0.014 

97.396 

90.121 

0.799 

97.234 

87.730 

1 . 608 

97.081 

89.362 

2.443 

96.931 

83.044 

3.292 

96.777 

80.726 

4.191 

96.616 

78.461 

9.0l 7 

96.446 

76.184 

9.889 

96.273 

73.962 

6. 764 

96.088 

71,717 

7.642 

95.896 

69.539 

0.923 

99.689 

67.319 

9.409 

95.466 

69.149 

1 C. 290 

95.230 

62.988 

11.179 

94 . g?"* 

60,843 

1 2.061 

94.70: 

98.721 

12.948 

94.410 

96.614 

13.836 

94.104 

94.52 1 

14.725 

93. 780 

92.444 

19.614 

93.439 

90.387 

16.903 

93.080 

48.349 

1 7,393 

92. 705 

46.320 

1 8.284 

92. 31 1 

44.314 

19.174 

91 . 900 

42.323 

20.069 

91 ,472 

40.347 

20.996 

91.028 

38.386 

21 . 48 

90.969 

36.449 

22. 739 

90.089 

34,929 

23.631 

89,580 

32.613 


24.923 
29.419 
26. 307 
27.200 
28.092 


89.079 

88.943 

87.999 

87.431 

86.840 


30.724 

28.894 

26.994 

26.193 

23.328 


Loi Kp 

INFINITE 

-66.090 

-69.690 

-47,931 

-37.310 

-30.247 
-29.203 
-21 .433 
-18.499 
-16.164 

-14,240 

-12.663 

-11.317 

-10.169 

-9.177 

-8.310 

-7,549 

-6.873 

-6.271 

-9.731 

-9.244 
-4.802 
-4 .401 
-4,039 
-3.700 I 

-3.391 ! 

-3.107 I 
-2.049 I 

-2.602 j 

-2.376 I 

-2,166 I 

-1.971 I 
-1.708 
-1.617 
-1 .457 ! 


J60n 

36*0 

3690 

3 700 
3800 
”<900 
4000 

4100 

4 200 
4300 
4400 
4500 

4600 

4700 

4800 

4900 

9000 

I 9100 
9200 
9 300 
9400 
9900 

9600 
9 700 
9000 
9891 
9891 
9900 
60C0 


0.926 
b. 'y27 

0 . 2 7 

0.927 
H.'^2 7 
0.920 
0.929 

77,971 
70 ,095 
70,099 
78.217 
70.499 
70.687 
70.911 

69,921 
70.032 
70.032 
70,142 
70, 398 
70,969 
70. 774 

28.909 
29.431 
29.^31 
29.877 
30.770 
31 .663 
32.559 

86.249 
89.944 
77.549 

77.250 
76. 6r ' 
76.049 
79.449 

21.920 

20.633 

20.633 

19.851 

18,312 

16.774 

19.276 

-1 4 ?07 
-1 .235 
-1 .235 
-1.172 
-1 .093 
-0.940 
-0.035 

0.910 

0.910 

0.911 

6.931 

0.932 

79.134 
79.349 
79,999 
79. 764 
79.969 

70,976 

71.172 

71 . 365 

71 .994 

71 .738 

’3.448 

34.341 

35.234 

36.128 

37,021 

74 . 840 
74.231 
73.624 
73.014 
72.402 

13.768 

12.247 

10.027 

9.372 

7.929 

-0.734 
-0.637 
-0.990 
-0.469 
-0.365 ! 

0.932 

0.913 

0.931 

8.9*1 

6.934 

80.161 
00.141 
80.942 
80. 726 
80.906 

71.919 

72.097 

72.271 

72.441 

72.609 

37.91.. 

38.807 

39.700 

40,994 

41.487 

71 . 707 

71 . J 69 
70.949 
69,926 
69.299 

6.509 

5.095 

3.691 

2. 1 3 

0. ^-*0 

i 

-0.309 1 

-0.237 1 

-0.168 1 
-0.103 
-0.041 

8.934 

6.935 
0.935 

h ,915 

0.934 

81 .001 

01 .297 
01.427 

81 .594 
81.790 

72.773 

72.935 

71.093 

73,249 

73.402 

42. j81 
43.274 
44,167 
49.061 
49.994 

68.668 

68.031 

67.387 

66.737 

66.078 

-0.423 
-1 .768 
-3.101 

-4.417 

-9.731 

o.oie 

0.074 

0.128 

0.179 

0.228 

0.936 

0.936 

0.936 

8.936 
0.936 
8.9 36 

8.937 

81.919 
02.07 7 
02.2 32 
8'. 371 
8/. 371 
82.389 
82.514 

71,59 1 
73.701 

73.847 

73.977 

73.977 

7 3.990 
74.132 

46.848 
47, 742 
48.635 

49.449 

49.449 
49.929 
90.42? 

69.408 

64 . 726 
64.027 
61. 376 
-128,809 
-120.951 
— 1 2 9.66? 

-7.034 
-8. 32? 
-9.993 
-10.739 
-10.739 
-10.967 
-8.590 

0,274 

0.319 

0.361 

0.390 

0.398 

0.391 

0.311 



May 1962 




CHW 
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TUNGSTEN MONOXIDE (WO) (IDEAJL MOLECULAR GAS) gfw s 199. 86 

\ Hjq = 97. 510 kcal gfw" ^ A Hf298. 15® 97. 400 kcal gfw" ^ 

I • 1-1 

Ground State Configurations 15 " 56. 597 cal degK" gfw" 

»l98.15 - H* = ^. U2 kcal gfw'* 


-1 

cm 


state 


E 

fDp 




«C 

y, X 10^ 

O, X 1 0^ 

K 

1 

0. 0 

803 

- 

- 

0. 36149 

- 

- 

- 


Heat of Formation 

Based on work of DeMaria and co-workers. ^ 

Heat Capacity and Entropy 

Calculated using estimated constants. ^ 

References 

1. De Maria, G. Chem. Phys. 137^ (1960). 

2, Barriault, R. j7~ et al, ASD TR 61 -260. (May 1962), Fn. 1. 
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TALUJ-. 19S 


YTTRIUM MONOXIDE 


ideae molecular gas 


Liquid Y from 3605' K V^T* V ^ 1803*K. 

Y ^rom 3605- t<r6000*K; C^-eou. O2: Ca.eou. YO. 


OY 


T,-K 

0 

298.15 

360 

kOO 

500 

600 

700 

800 

900 

1000 

1 100 
1200 
1 300 
1<»00 
1 500 

1 600 
1 700 
I 758 
1 758 
1 000 
1 803 
1 0O3 

1 900 
2000 

?ion 

2?0r 

2300 

2<.00 

2 5 00 

2600 
2700 
2 000 
2 900 
■>000 

3100 

3?0C 

330C 

34.00 

3500 


3600 
3604. . 
3604. . 

3 700 
3800 
3900 

4.000 

910C 

4.200 

9300 

4.4.00 
4.-V0C 

4.600 
4, 700 
4.800 
4.900 
5000 

5 100 
5200 
5300 
5A00 
5500 

5600 
5 700 
5800 
5900 
6000 


^.5 

h 


'c! 


o.ooc 

7.537 

7.545 

7.932 

8.210 

6.401 
8.535 
8.630 
8. 701 

8. 715 

6. 797 
8.830 
6.858 
8.881 
0.900 

0.910 

8.933 
8 .94.0 
0.940 
0.946 
0.946 
0.946 
0 , 9 •* 9 
P . 972 

0.904 
8.997 
9.010 
9.025 
9.04 1 

9.059 

9.070 
9,100 
9,1 24 
9.151 

9 , 1 H ] 
9.213 
9.24 9 
9.287 
9 . 3 2 ^‘ 

9, 372 
9. 3 74 
9 , 3 74 
9.410 
9.46 7 
9.51'^ 
9,573 

9.629 
9.687 
9.74 7 
9.80 9 
9.8 72 

9,936 
10.002 
1 0,060 
10.135 
10,203 

10.271 
10.339 
1 0.407 
10.475 
10.541 

10.610 
10.677 
10.743 
1 0.008 
i 0.8 72 


—cml/^K gtw. 

*T - h'29»>/t' Q. 


- H, 


0.000 

55.863 

55.930 

50.156 

59.958 

61 .473 
62.770 
63.925 
64.945 
65.865 

66.701 
67.468 
68 . 1/6 
66.034 
69.44 7 

70.022 

70.563 

70.059 

70.859 

71 .074 
71 . 086 
71 .080 
71.550 
72.010 

72,456 

72.074 
73,275 
7 3.659 
74,027 

74 , 3b2 
74 . 725 
75 .0‘ » 
75.375 
75,605 

75,906 

76.270 

76.562 

76.039 

77. loe 

7 7 . 3 7 2 
77,384 
77. 304 
77,629 
77.061 
70.120 
70.370 

70.607 

70.040 
79.069 
79.294 
•» 9 . M 6 

79 , 7 14 
79,940 
80.160 
80.369 
00.574 

80.77 7 
00.970 
01.176 
01.372 
8 1 . 5 6 

01.756 

01 .945 

02.1 32 
02.317 
02.500 


l^iriNI TE 
55.803 
55.88 3 
56.104 
56.764 

57.426 
50.100 
50.750 
59, 389 
59,992 


-2.115 
O.OOO 
0.014 
0. 789 
1.597 

2.426 

3.275 

4.134 

5.OOO 

5.873 


— Kcal/gfw^ 

amJ' 

-1 l .000 
-12.148 
-12.152 
“12. 375 
-12.592 

-12.814 
-1 3.046 
-1 3.294 
-13.561 
-13.845 


60 , 564 

6.751 

-14.147 

61 .108 

7.632 

-J 4.469 

61 .625 

0.517 

-14.808 

62,1 1 7 

9.404 

-15.169 

62.585 

10.293 

-15.549 

63.032 

11.184 

-15.951 

63.459 

1 2.0 76 

-16.373 

63.696 

12.594 

-16.679 

63.696 

12.594 

-17 310 

63.868 

12.970 

-17.981 

63 . 880 

12.997 

-17.992 

63.060 

12.997 

-20. 724 

64.261 

1 3.865 

-21 .209 

64.637 

14. 762 

-21 .872 

64.999 

15.660 

-22.458 

65, 348 

16.559 

-23.044 

65.684 

i 7.459 

-23.632 

66.008 

IB. 361 

-24.222 

66. 322 

19.264 

-24.013 

66.625 

0.169 

-25.404 

66.91 9 

21 .076 

-25.997 

67.203 

21 .985 

-26.509 

67.400 

22.896 

-27.1 82 

67,748 

23.010 

-27.774 

60.309 

24.727 

-28.367 

68,26.^ 

25.646 

- 20.959 

68.510 

26.569 

-29.5/ 0 

60.75 1 

27.496 

-30. 

60.986 

20.427 

-30.7. > 

69,216 

29, 362 

-31 . 307 

69.226 

29.406 

-31 ,334 

69.226 

29.406 

-118. 51? 

69,440 

30.301 

-118. 350 

69,669 

31 .246 

-1 10,741 

69,873 

32.195 

-1 19,147 

70.083 

3 3. 150 

-119.571 

70.280 

34.110 

-120.014 

70.40V 

35.076 

-i 20.476 

70 .606 

36.047 

-120.954 

70.879 

17.025 

-121 .440 

71 ,06V 

38.010 

-121.955 

71.255 

39.000 

-122.477 

71,430 

39.99 7 

-123.010 

71.610 

41.001 

-123.555 

71 .795 

.012 

-124.108 

71 . V60 

4 3.029 

-1 24.672 

72.140 

44,05 1 

-125.744 

72. 308 

4 5. Ohs 

-125,823 

72.474 

46.123 

-126.410 

72.637 

47.168 

-127.005 

72 , 790 

4fl. 21 9 

-1 27,609 

72.957 

49.278 

-120.220 

73.11 < 

50 • 34 4 

-1 20. 036 

7 3.26 7 

5 1 . 4 1 f. 

-129,4 7*. 

7 4,420 

5 2 . 4 5 

-1 10. l22 

7^,570 

5 •.•>« J 

- J 10. THS 



Lo« Kp 

-1 1.800 

INFINITE 

-18.334 

13.439 

-10.373 

13.364 

-20.412 

11.152 

-22.396 

9.789 

-24,337 

8.864 

-26.239 

8.192 

-28,100 

7.670 

-29.942 

7.271 

-31.747 

6.938 

-33.523 

6.660 

-35.270 

6.423 

-36.990 

6.216 

-38.685 

6.039 

-40.350 

5.079 

-41 .990 

5.735 

-43.605 

5.606 

-44.527 

5.535 

-44,527 

5.535 

-45.166 

5.484 

-45.211 

5.480 

-45.211 

5.480 

-46.516 

5.350 

-47.826 

5.226 

-49, 109 

5.111 

-50.365 

5.003 

-51.594 

4.902 

-52.798 

4.808 

-53.977 

4.718 

-55.130 

4.634 

-56.265 

4.554 

-57.374 

4.476 

-58,462 

4.406 

-59.531 

4.337 

-60.578 

4.271 

-61.609 

4.207 

-62.621 

4.147 

-63.615 

4.089 

-64,590 

4.033 

-65.552 

3.979 

-65.596 

3.977 

-65,596 

3.977 

-64,207 

3.792 

-62.739 

3.608 

-61 .259 

3.433 

-59.774 

3 • 266 

-50.273 

3.106 

-56.760 

2.953 

-55.234 

2.807 

-53.702 

2.667 

-52.162 

2.533 

-50.599 

2.404 

-•» - .034 

2.280 

459 

2.161 

-45.867 

2.046 

-44.250 

1 .934 

-42.6S6 

1 .826 

-4 1 .029 

1.724 

- 19. 393 

1 .624 

-37.744 

1 .528 

-36.007 

1 .4 14 

-14,422 

1.343 

-32.742 

1 .255 

- M .04 1 

1.170 

-29,346 

1 .087 

-27.620 

1.006 


1 S Ma r ( h 1963 
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YTTRIUM MONOXIDE (YO) 


(IDEAL MOLECULAR CAS) 


gfw = 104.92 


Ah"o = -11.8 Kcl gfw-* ^Hf298 15 = -*^- ‘'‘® *^'** 

2 

Ground State Configuration 51 ^298 15 * ^ ^ Sl'*'"* 

”l98. 15-Wo = **® *^"* *^'*'’* 


< ' " ' I 


State 

g 

£ 

H 



Be 


>J X 10* 

D, X lo’ 


2 

0. 0 

852. 5 

2. 45 

0. 0273 

0. 3889 

0. 0016 

0. 0 

3. 2 

A V 

2 

16294. 72 

812. 7 

2. 80 

0. 0 

0. }867 

0. 0019 

0. 0 

3. 5 

A V 

2 

16722. 75 

808. 9 

2. 96 

0. 0 

0. 3867 

0. 0019 

0. 0 

3. 5 

B i 

2 

20741. 92 

765. 03 

7. 75 

0. 0 

0. 3742 

0. 0039 

0. 0 

3. 9 


Heat of F< ^- rmation 

From a study of vaporization of by Walsh ct ^ 

Heat Capacity and Entropy 

Calculated on diatomic gas program. 

Reference 

1. Walsh, P. N. , H. W. Goldstein and D. White, J. Am. Ceram. Soc. 43. 229 (I960). 
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ZIRCONIUM MONOXIDE 


TABLE t 

ideal molecular CAS 


OZr 


R«f«r«nc« StaU for Calculating 
Liquid Zr from aU5* to 


, ^Af”, , and LogKp: Solid Zr from 0* to 212%*K, 
’ ^44*K. Gasaoua Zr from At*AA* 


K, Gasaoua Zr from 4644* to 6000* K; 
Gaseous O^i Gaseous f.rO, 


T, "1C 



c.l/TC gf 

• - — — 


■ — Kcm\/glm 

AHy 


Lo* Kp 

d 

298i 

.15 

0*0o0 

8«692 

0.000 

57.055 

tftf iNire 
57.055 

-2.335 

0.000 

21.116 

21.100 

21.116 

14.165 

-10*382 

▲ An 


8.636 

57.108 

57.055 

0.016 

21.098 

14.122 

-10*287 

auu 

saa 


8 . 829 

59 .62 1 

57.396 

0.890 

20.986 

11.812 

-6*453 



8 . 948 

61 . 605 

56.047 

1.779 

20.837 

9.535 

-4.167 

600 


9.018 

63.243 

58.760 

2.678 

20.657 

7.291 

-2 .656 

700 


9.058 

64.637 

59.520 

3.582 

20.449 

5.079 

-1.586 

800 


9.079 

65.846 

60.237 

4.489 

20.215 

2.899 

-0.792 

900 


9.090 

66.918 

60.921 

5.397 

19.957 

0.750 

-0*182 

1 000 


9.096 

67.876 

61.569 

6.307 

19.677 

-1.368 

0.299 

IlOo 


9.098 

68.743 

62.163 

7.216 

19.375 

-3.460 

0.687 

1135 


9.099 

69.028 

62.389 

7.535 

19.266 

-4.184 

0.806 

1135 


9.099 

69.028 

62.389 

7.535 

18.351 

-4.184 

0.806 

1260 


9.099 

69.535 

62.763 

8.126 

18.152 

-5.470 

0*996 



9.100 

70.263 

63.312 

9.036 

17.643 

-7.425 

1.248 

lAoO 


9 .IOI 

70.937 

63.633 

9.946 

17. ‘'31 

-9.358 

1.461 

1500 


9.102 

71.565 

64.328 

10.856 

1 7.^16 

-11.268 

1.642 

16^0 


9.105 

72.153 

64.799 

11.767 

16.899 

-13.157 

1.797 



9.108 

72.705 

65.248 

12.677 

16.577 

-15.025 

1.932 

I860 


9.112 

73.226 

65.677 

13.588 

16.254 

-16.875 

2*049 

i960 


9.116 

73.719 

66.087 

14.500 

15.929 

-18.706 

2 .152 

2060 


9.124 

74.166 

66.480 

15.412 

15.601 

-20.520 

2.242 

2100 


9.130 

74.632 

66.856 

16.325 

15.271 

-22.319 

2.323 

2125 


9.132 

74.740 

66.950 

16.553 

15.189 

-22.764 

2.341 

2125 


9.132 

74.740 

66.950 

16.553 

10.288 

-22*764 

2.341 

2200 


9.138 

75.057 

67.221 

17.238 

10*031 

-23.926 

2.377 

2360 


9. 146 

75.463 

67.571 

16.152 

9.688 

-25.465 

2.420 

24OO 


9.155 

75.853 

67.906 

Iv.067 

9.342 

-26.985 

2.457 

2560 


9.164 

76.227 

66.233 

19.983 

6.993 

-28.491 

2.491 

266o 


9. 1 73 

76.586 

68.548 

20.900 

8*644 

-29.983 

2.520 

2760 


9.183 

76.933 

68.852 

21*818 

8*293 

-31*465 

2.547 

2800 


9.192 

77.267 

69.147 

22.737 

7.942 

-32.932 

2.570 

29O0 


9.202 

77.590 

69.432 

23.656 

7.586 

-34.381 

2*591 

3000 


9.212 

77.902 

69.710 

24.577 

7.231 

-35.826 

2.610 

3100 


9.222 

78.204 

69.979 

2^ .499 

6.87% 

-37.253 

2*626 

32d0 


9.232 

78.497 

70.241 

26.421 

6.516 

-38*674 

2.641 

3300 


9.242 

78.762 

70.495 

27.345 

6.157 

-40*079 

2*654 

3400 


9.251 

79.058 

70.743 

28.270 

5* 798 

-41 .475 

2 * 666 

3500 


9.261 

79.326 

70.985 

29.195 

5*435 

-42.861 

2.676 

3600 


9.270 

79.588 

71.220 

30.122 

5.073 

-44.235 

2*685 

3700 


9.280 

79.842 

71.450 

31 .049 

4.710 

-45.600 

2.693 

3800 


9.289 

80.090 

71.674 

31 .978 

4* 347 

-46.956 

2.700 

3900 


9.296 

80.331 

71.693 

32.907 

3.981 

-48.299 

2.706 

4000 


9. 307 

60.567 

72.106 

33.837 

3.615 

-49.638 

2*712 

4100 


9.315 

80.797 

72.31 7 

34.768 

3*246 

-50.966 

2.717 

4200 


9.324 

81.022 

72.522 

35. 700 

2.880 

-52.287 

2.721 

4300 


9.332 

81 .242 

72.722 

36.633 

2.512 

-53.591 

2.726 

4400 


9.340 

81 .456 

72.919 

37.567 

2.142 

-54.897 

2.727 

4500 


9. 346 

81 .667 

73.111 

38.501 

1 . 7 >0 

-56.187 

2.729 

4600 


9.356 

81.873 

73.299 

39.436 

1.397 

-57 .468 

2.730 

4644* 

05 

9. 360 

81.962 

73.381 

^9.849 

1.234 

-58.030 

2*731 

4644* 

05 

9. 360 

81.962 

73.381 

849 

-134*220 

-58.030 

2.731 

4700 


9.364 

62.074 

73.484 

40.372 

-134.485 

-57.113 

2.656 

4800 


9.371 

82.272 

73.666 

41.309 

-1 34.963 

-55.467 

2.525 

4900 


9.379 

82*465 

73.844 

42.247 

-135.448 

-53.804 

2.400 

5000 


9.366 

82.655 

74.018 

43*185 

-135.942 

-52.130 

2.278 

5100 


9.393 

82.642 

74.190 

44*124 

-136.444 

-50.458 

2.162 

5200 


V.401 

83.024 

74.358 

45*064 

-1 36.955 

-«»8«762 

2.069 

5300 


9.408 

83.204 

74.524 

46.004 

-137.476 

“47. 066 

1.961 

5400 


9.414 

83.360 

74.687 

46*945 

-1 36.007 

“45.358 

1 *836 

5500 


9.421 

H3.554 

74.847 

47.887 

-136.549 

“43.638 

1.736 

5600 


9.428 

83.724 

75.004 

46.829 

-139.105 

-41.903 

1 .635 

5700 


9.4:}5 

63.891 

75.159 

49.772 

-1 39.676 

“40*164 

1.560 

5800 


9.441 

64.056 

75.312 

50.716 

-140.264 

-38.417 

1 .668 

5900 


9.446 

84.218 

75.462 

51 .661 

-140.871 

-36.655 

1.358 

6000 


9.454 

84.377 

75.610 

52.606 

-141.502 

-34.880 

1.270 





15 June 1963 
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ZIRCONIUM MONOXIDE (ZrO) 


(IDEAL MOLECULAR GAS) gfw = 107. ZZ 


AhJo = 21. 1 16 kcal gfw-i - Zl . I WcaI gfW ^ 

Ground-State Configuration = ^Z9S. 15 ' 57.055 cal deg K"^ gfw“^ 

^298. 15 - = 2- 335 kcal gfw"‘ 



Heat of Formation 

No analysis has been perfornned; data of JANAP" Tables* have been ac- 
cepted temporarily. 

Heat Capacity and Entropy 

Have been calculated; have used above energy levels. See volume I, this 
study (section IVB35, 4. 1) for details. 

Reference 

1. JANAF, Thermochemical Tables (30 September 1961). 


^IRCSNIUM M0N0A1DE (ZrO) ( IDEAL M0LECULAR (.ASl 


gFm • 107.^4; 


5U>y<ARV 0F 




T. “K 


* P 



-<FV 


^*T - ”^98 


290.15 


0.200 


1.000 

* 

1.000 

± 

0.000 

* s 000 

1000 

* 

0.500 

± 

1.700 


1 .200 

* 

0.500 


2000 

± 

0.500 

* 

2.000 

* 

1.600 

±. 

1.000 


3000 

± 

0.500 


2.200 

± 

1.800 


1.300 


AOOO 

± 

0.500 

* 

2.300 


1.900 

± 

1.600 


5000 

* 

0.500 


2.A00 


2.000 


1.900 


&000 

± 

0.500 


2.A00 

* 

2.000 

± 

2.000 
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table 197 


OXYGEN 


reference state 


Re/errnce State for Celculatln* AHJ , 
GaeeouN Diatomic O2 from O* 


and Log Kp : 
to 6000*K. 


T.^K 

% 

0 

0.000 

298. l*> 

7.021 

300 

7.024 

400 

7.196 

!i00 

7.431 

600 

7.670 

700 

7.884 

600 

8.064 

900 

8.21 3 

1000 

8.336 

1100 

8.439 

1200 

8.527 

1 300 

8 . 604 

1400 

8.674 

1500 

8.738 

1600 

8.799 

1 700 

8.858 

1800 

8.915 

1 900 

8.972 

2000 

9.028 

2100 

9.083 

2200 

9.138 

2300 

9.193 

24 00 

9.246 

2500 

9.299 

2600 

9.351 

2 700 

9.402 

2800 

9.451 

2900 

9.499 

3000 

9.546 

3100 

9.591 

3200 

9.635 

3300 

9.677 

3400 

9.710 

3500 

9.750 

3600 

9.796 

3700 

9.833 

3800 

9.869 

3900 

9. 905 

4000 

9.940 

4100 

9.976 

4200 

10.012 

4300 

10.049 

4400 

10.080 

4500 

10.130 

4600 

10.176 

4700 

1 0.226 

4800 

10.283 

4900 

10.347 

5000 

10.421 

5100 

10.506 

5200 

10.607 

5300 

10.724 

5400 

10.863 

5500 

11.027 

5600 

1 1.222 

5700 

1 1.453 

5800 

11.727 

5900 

12.052 

6000 

12.439 


cal/^K gt 

5 ; 

w~ 

(l-T - H^)/T^ 

0.000 

J>4FIN|TE 

49.007 

49.007 

49.051 

49.007 

51 .092 

49.284 

52.723 

49.014 

54.099 

50.417 

55.298 

51.030 

56.363 

51 .631 

5 7.321 

52.211 

58.193 

52. 767 

50.993 

53.297 

.731 

53.803 

60.417 

54.205 

61.057 

54.746 

61 .657 

55.107 

62.223 

55.609 

62.759 

56.014 

63.267 

56.403 

63.750 

56.777 

64.212 

57.138 

64.654 

57.485 

65.077 

57.821 

65.485 

50.145 

65.877 

50.459 

66.256 

58.763 

66.622 

59 .O 59 

66.975 

59.345 

67.318 

59.624 

67.651 

59.095 

67.974 

60.159 

68.288 

60.41 7 

68.593 

60.667 

60 .690 

60.912 

69.180 

61.151 

69.462 

61 . 385 

69. 738 

61.61 3 

70.007 

61 .836 

70.269 

62.055 

70.526 

62.269 

70.778 

62.479 

71 .024 

62.604 

71 .265 

62.886 

71 .501 

63.004 

ii .733 

63.278 

■»! .960 

63.468 

72.184 

63.656 

72.404 

63.840 

72.620 

64.021 

72.834 

54*199 

73.044 

64 . 374 

73.252 

64.546 

73.459 

64.716 

73.663 

64.883 

73.067 

65.048 

74.070 

65.21 1 

74.274 

65.371 

74.479 

65.53d 

74.685 

65.687 

74.895 

65.842 

75.109 

65.996 


^ f».C«l/g»W ^ 

”t “ ”29*1 ''Rf 


-2 

.075 

0 

.000 

0 

• 01 3 

0 

.723 

1 

• 454 

2 

.210 

2 

• 987 

3 

.785 

4 

*599 

5 

.427 

6 

.266 

7 

.114 

7 

4971 

8 

.835 

9 

.705 

10 

• 582 

1 1 

.46 5 

12 

.354 

1 3 

• 248 

14 

• 148 

15 

• 054 

15 

• 965 

16 

• 881 

1 7 

• 803 

18 

.731 

J 9 

• 66 3 

20 

• 601 

21 

.54,3 

2' 

• 491 

23 

• 443 

24 

• 400 

25 

• 362 

26 

• 327 

27 

• 297 

28 

• 271 

29 

♦ 24 9 

3u 

• 230 

31 

.215 

3 2 

.204 

33 

.196 

34 

.192 

35 

.192 

36 

.195 

37 

.203 

38 

• 214 

39 

.230 

40 

• 251 

41 

• 278 

42 

.31 I 

43 

.352 

44 

• 402 

45 

• 462 


.535 

4 / 

.623 

48 

• 728 

49 

4055 

51 

.007 

52 

• 191 

53 

• 412 

54 

.677 


May 1962 


Log Kp 


RCF 
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OXYGEN (O^) (REFERENCE STATE) g^W3 3^.000 

a 0, 0 kcal gfw' ^^^£298 1 5 * ^ 

Ground State Configuration * ^298 15 * ^^9. 007 cal deg K gfw 

”298. 15 - ”o = 


-1 

cm ■ 


State 

IT 

E 





"c 

re '< 10 ' 

X 



-0. 244 

1580. 1622 

12. 07 

.0546 

1. 44531 

0.01579 

- 

4 . 96 



7882. 36 

1509. 1 

12. 9 

- 

1. 426 

0.0171 

" 

5. 1 

cr 

J? 

1 

13120. 917 

1432. 507 

1 3. 94o6 

-. 01075 

1 

1. 40007 

0.01817 

-4. 3 

5. 36 


3 

35008. 0 

801. 

15. 0 


0. 91 

0.015 

- 

3.4 

‘K 

D 

36212. 8 

650, 41 

17. 03 

-0. 106 

0. 826 

0.0205 

-83. 0 

5. 3 

b\- 

1 

49357.6 

709. 4 

8. 0 

-0. 375 

0. 819 

o.oTi 

- 

4.4 


Heat of Formation 


Z<-ro by definition. 

Heat Capacity and Entropy 

Calculated on diatomic gas -computer program, using above spectroscopic 
constants. Complete details of data used given by Barriault et al^. 

Reference 


1. Barriault, R. J. et ASD TR 61 -260 (May 1 962). Pt. 1. 


aXYGCH (O2) CSCFCSEWCE STATE! 

uniLRmhij LiimiLi 


GFW • 32.000 




.«i/« 

If .4-_ 


.Kcl/ff*. 




A , 


^ 0 » ^ 





T.*K 


Sj 

-<fT - 

«T-Mi9S 

AH, 

AF,' 

Log Kp 

?^€«1S 

A 0*000 

AO. 003 

A0.003 

Ad. 000 




1000 

A 0.001 

aO.004 

aO.004 

AO.OOl 




2000 

A 0.002 

AO. 003 

aO.006 

A 0.002 




3000 

A 0.003 

aO.007 

AO.004 

A 0.009 




4000 

A O.OIA 

AO. 009 

aO.006 

AO. 014 




3000 

A 0.009 

AO.oia 

aO.007 

A 0.097 




4000 

A 0.673 

AO. Oil 

AO. 013 

A 0.407 
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OSMIUM DIOXIDE 


ideal molecular CAS 

Reference State for Calculating AH* AF* ^ t 
Liquid O. from 3290 * to ^ 270 *K. Gaaeou- 3290 * K. 

*°"* °* “70 K' fcOOO'K; r,a.,ou. 02 ; Ca.eou. O.O^. 


t."k 

's 


"^T - 

«T - 

C 

298.1 5 
300 

400 

500 

o.ooo 

1 1.914 

1 1 .934 
12.835 

1 3.422 

0.000 

61 .455 

61 .52'^ 
65.095 
68.026 

INFINI Tf 

61 .455 

61.456 

61 .936 
62.869 

-2.849 

0.000 

0.022 

1 .264 
2.579 

600 

70C 

800 

900 

1000 

1 3.805 
14.063 
14.242 
14.371 
14.467 

70.510 

72.659 

74 • 549 
76.234 
77. 754 

63.941 

65,036 

66.110 

6'. 143 
68.129 

3.94 1 
5.336 
6.751 
8.182 
9.624 

1 100 

1 200 

1 300 

1400 

1 500 

14.539 

14.595 

14.639 

14.674 

14.703 

^9.136 

80,403 

81 .573 
82.660 
83.673 

69.066 

69.961 

70.809 

71.617 

72. 388 

11.075 

12.532 

1 3.993 
15.459 
16.928 

1 600 

1 700 

1 800 

1 900 

2000 

14.727 
14.747 
14.764 
14.778 
14. 790 

84.623 

65.516 

86.360 

87.158 

87.917 

73.123 

73.826 

74.499 

75.145 

75.764 

18.400 
19.873 
21.349 
22.826 
24. 304 

2100 

2200 

2300 

2400 

2500 

14.800 

14.810 

14.818 

14.825 

14.831 

88.638 

89.327 

09.986 

90.616 

91 .222 

76. 360 
76.934 
77.487 
78.021 
78.53 7 

25.784 

27.264 

28.746 

30.228 

31 . 71 1 

2600 

2 700 

2800 

2900 

3000 

14.836 

14.841 

1 4 .846 
14,850 
14.853 

91.804 

9? . 364 
92.903 
93.424 
93.928 

79.037 

79.320 

■'9,988 

80.443 

60.884 

33.194 
34.678 
36.162 
37.647 
39. 1 32 


^100 

14.856 

V4 .41 5 

81.312 

40.618 

^200 

14.859 

^4.887 

91.729 

42.103 

3290 

14.862 

95.290 

82.094 

43.440 

3290 

14.062 

95,296 

02.094 

43.440 

'»30C 

14.H62 

95 , 344 

02.135 

43.589 

3400 

14.864 

95 • 788 

82.530 

45.076 

3500 

14.667 

96.219 

82.915 

46.562 

3600 

14.869 

96.637 

03.290 

46.049 

3 70C 

14.871 

97.045 

83.65 7 

49.536 

3800 

14.872 

9 7.441 

84.014 

51.023 

3900 

14.074 

97,828 

04. 363 

52.511 

4000 

14.074 

98.204 

04.705 

53.998 

4100 

14,877 

98.572 

05.039 

55.486 

4200 

14.878 

90.930 

85.365 

56.973 

4300 

1 4.0 79 

99.280 

85.685 

58.461 

44C0 

14.861 

99.622 

85.990 

59.949 

4500 

14.882 

99.957 

86. 304 

61 .437 

4600 

14.083 

100.264 

0 6.604 

62.926 

-•70C 

14.663 

100,604 

86.099 

64.414 

4800 

1 4 .084 

100.917 

67.180 

65. 702 

4900 

1 4 .885 

lOl .224 

87.471 

67.391 

5000 

14.886 

lOl .525 

87.749 

60.879 

5100 

14.687 

101 .820 

80.022 

70.368 

5200 

14.887 

102. 109 

00.290 

71.357 

5269.57 

14.888 

102. 307 

88.475 

72.099 

5269.5 7 

14.608 

1 02.307 

88.475 

72.899 

5 300 

14.888 

102. 392 

80.554 

73.345 

5400 

14.889 

102.671 

86.81 3 

74.834 

5500 

14.889 

J 02.944 

89.067 

76.323 

5600 

14.890 

103.212 

09.31 7 

77.812 

5700 

14.890 

103.476 

09,563 

79. 301 

5800 

14.891 

103.735 

89.005 

80. 790 

5900 

14.891 

103.909 

90.044 

82.2 7-^ 

6000 

14.892 

104.. ■’40 

90.278 

83. 768 


Ah? 


1 7.836 
1 7.400 
1 7. 390 
17.330 
17.306 

17.294 
1 7.286 
17.268 
17.241 
17.203 

17.153 
1 7.092 
17.017 
16.931 
16.034 

16.723 
1A.599 
1 . 463 
16.314 
16.152 

15.976 
15.787 
15.586 
J 5. 3 70 

1 5.141 

14.896 
14 . 6*2 
!*• 3 73 
1*.090 
13.795 

13.486 
13.163 
1 2.062 
5.295 
5.256 
4.375 

4. 4 "7 

4 . 0 
3 . 702 
3 . 304 
.:.903 
2.498 

2.090 

1.677 

1.262 

0.842 

0 , ’ <J 

- 0.008 
- 0.441 
- 0.880 
-1 . 324 
- 1.777 

- 2.2 38 
- 2.709 
- 3.044 
- 179.445 
- 179.588 
-180.066 
- 100.565 

- 181 .088 
- 181 .639 
- 1 82.225 
- 1 82.850 
- 183.521 




17.836 

16.014 

16.005 

15.553 

15.113 

14.675 

14.240 

13 . 8 d 5 

13.373 

12.947 

12.524 
12.104 
1 1.692 
1 1.286 
10.885 

10.491 

10.107 

9.728 

9.357 

8.998 

8.64 5 
8.301 
7.963 
7.637 
7.318 

7.010 

6.711 

6.424 

6.142 

5.874 

5.620 

5.368 

5.155 

5.155 

5.154 

5.157 

5.171 

5.196 

5.231 

5.282 

5.337 

5.404 

5.481 

5.573 

5.670 

5 . 77 *> 

5.893 


,029 

I 162 

, 307 
,463 


6.630 

6.802 
6.990 

7.113 

7.113 
8.199 
1 1 . 7^2 
15.151 

18.878 

22.462 

26.054 

29.654 

33.270 


Ko 


infinite 

- 11.738 
- 11 *659 
- 8.497 
- 6.606 

- 5.345 
- 4.446 
- 3.771 
- 3.247 
- 2 .829 

- 2.488 
- 2.204 
- 1 .965 
- 1.762 
- 1.586 

- 1.433 

- 1.299 

- 1.181 

- 1.076 

- 0.983 

- 0.900 

- 0.825 

- 0.757 

- 0.695 

- 0»640 

- 0.589 

- 0.543 

- 0.501 

- 0.463 

- 0.428 

- 0.396 

- 0.367 

- 0.342 

- 0.342 

- 0.341 j 

- 0.331 

- 0.323 I 

- 0.315 

- 0.309 

- 0.304 

- 0.299 

- 0.295 

- 0.292 

- 0.290 

- 0.288 

- 0.287 

- 0.286 

- 0.286 

- 0.287 

- 0.287 

- 0.’88 

- 0.290 

- 0.291 

- 0.294 

- 0.295 

- 0.295 

- 0.338 

- 0.476 

- 0.602 

- 0.737 
- 0.861 
- 0.982 
- 1 .098 
- 1 .212 
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OSMIUM DIOXIDE (0»02) (IDEAL MOLECULAR GAS) 


gfw = 222. 2 


Ah°o = 17. 836 kcal gfW* AhJ- 298 . is = 17. 400 kcal rIw* > 

Point Group = D^j^^ ®298 15 ~ 61.455 cal deg K"*gfw* 

" 298 . 15'"o " 

Vibrational Levels and Multiplicities 
UJ, cm“^ uJ.cm”^ 

764 (1) 825 (1) 

215 (2) 

Bond lengths and angles: 

Os-O distance - 185 K ( 7-2 

O-Os-O angle 180^ 

Heat of Formation 

Estimated from Brewer ct al data. ^ 

Heat Capacity and Entropy 

Determined from the estimated specti oscopi r data. See volume 1, ihis 
study (section IVB18. 4. 2) for details. 

’ reference 

1. Brewer, L. and G. M. Rosenblatt, Chem. Revs. M, 2S7 (1961).' 
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TABLE 199 


SILICON DIOXIDE 


CONDENSED PHASE 


Llquld*s”rom^* 6 ^ 0 *T *i«'/'>'***"* »"•* W Kp- Solid Si from 0* to 16'<0‘K. 

from 0- ,1 Mb‘k i ?"• '"•••r* ^ 

• Quartz from 848 to J298"K, a.Cria tobalite from 1298* to 1998 ’K, 
Liquid Si02 <'rom 1996* to 6000 "K. 


O2SI 


I 


T."|£ 


300 

4.00 

500 

600 

700 

800 

848. 

848 

900 

1000 

1100 

1200 

1298 

1298 

1300 

1400 

1500 


1600 
I 1 690 
i 1690 
1 TOO 
1 1800 

; 1 900 

1 996 
I 1 996 

I 2000 

i 2100 
i 2200 

2300 
I 2400 
, 2 500 

! 2600 
I 2700 
, 2800 
2900 
3000 


I 3100 
' 3200 

I 3300 
] 3400 

I 3500 


3600 

3700 

3800 

3900 

4000 

4100 

4200 

4300 

4400 

4500 

4600 

4700 

4800 

4900 

5000 

5100 

5200 

5300 

5400 

5500 

5600 

5700 

5800 

5900 

6000 


— — 

— 

__ 







Lm\/ K «r 






r 

* p 

'*1 

flj 

r - k'tob 



L«| Kp 

0.000 
•15 10.627 

0.000 

INFINITE 

-1 .664 

-216.820 

-216.820 

infinite 

10.000 

10.000 

0.000 

-210.000 

-205.019 

150.276 

1 0 • 6 6 0 

10. 066 

10.000 

0.020 

-218.002 

-204,939 

149*291 

1 2 . 8 1 2 

13.457 

10.448 

1.204 

-218.036 

-200.576 

109.584 

14.240 

16.477 

1 1 .358 

2.560 

-217.960 

-196.217 

65.762 

15.390 

19.178 

12.440 

4.043 

-21 7.807 

-191.881 

69.889 

16.409 

21 .628 

13.560 

5.633 

-21 7.585 

-107.577 

58.561 

17.358 

23.882 

14.729 

7.322 

-21 7.299 

-183.310 

50.076 

1 7.798 

24.906 

15.276 

8.166 

-217.139 

-181 .276 

46.717 

16.055 

25.248 

^15.276" 

8.456 

-216.049 

“-181.276“ 

46.717 

16.156 

26.206 

15.880 

9.293 

-216.759 

-179.097 

43*489 

16.350 

27.919 

1 7.000 

10.919 

-216.590 

-174.920 

38.227 

16.544 

29.486 

18.065 

12.563 

-216.424 

-170.762 

33.926 

16.738 

30.934 

19.078 

14.226 

-216.256 

-166.618 

30.344 

16.928 

32.255 

_20.023 

15.877 

-216.092 

-162.570 

27*371 

17.048 

32.394 

20.023 

16.057 

’-215,912 

“-162.570 

27*371 

1 7.052 

32.420 

20.042 

16.091 

-215.908 

-162.489 

27.316 

17.256 

33.691 

20.972 

17.807 

-215.723 

-158.387 

24*724 

17.460 

34.669 

21.860 

19.543 

-215.534 

-154.296 

22*480 

17.664 

36.022 

22.710 

21.299 

-215.340 

-150.221 

20.518 

17.848 

36.994 

23.445 

22,897 

-215.160 

-146.564 

16.953 

17.848 

36.994 

23.445 

22.897 

-227.110 

-146.564 

1 8.953 

1 ’.868 

3 7.099 

23.525 

23.075 

-227.090 

-146.087 

18.780 

18.072 

38.126 

24. 308 

24,872 

-226.805 

-141.327 

17.159 

18.276 

39. 109 

25.062 

26.690 

-226.672 

-136.581 

15.710 

18.472 

40. OU 

25.759 

28.454 

.-226,460. 

.-132.032. 

14.456 

21.660 

41 .067 

25.759 

30.554 

-224. 360 

-132.032 

14.456 ! 

21.660 

41.110 

25,790 

30.640 

-224. 339 

-131.848 

14.407 1 

1 

21.660 

42.167 

26.545 

32.806 

-223. 794 

-127.230 

13.241 ! 

21 .660 

43.174 

27.278 

^4.972 

-223.255 

-122.652 

12.184 * 

21.660 

44.137 

27.990 

37.1 38 

-222.720 

-110.093 

11.221 ! 

21.660 

45.059 

28.682 

39.304 

-222.192 

-113.554 

10.340 , 

21 .660 

45.943 

29. 355 

41 .470 

-221 .669 

-109.040 

9.532 

21.660 

46.793 

30.010 

43.636 

-221 . 151 

-104.544 

8.707 1 

21 .660 

47.610 

30.646 

45.802 

-220.638 

- 100.069 

8.100 ! 

2 1 *660 

48.398 

31.266 

47.968 

-220.130 

-95.612 

7.462 

21.660 

49.158 

31.870 

50.1 34 

-219.4, 

-91.174 

6.871 

21 .660 

49.892 

32.459 

‘ 2 . 300 

-219.1 

-86.753 

6.320 1 

21.660 

50.602 

33.033 

54 . 466 

-218.63', 

-02.347 

5.8d5 i 

21.660 

51.290 

33.593 

56.632 

-218.147 

-77,962 

5.324 1 

21.660 

51.957 

34.139 

58. 798 

-217.661 

-73.585 

4.873 1 

21.660 

52.603 

34.673 

60.964 

-217.181 

-69.226 

4.450 i 

21.660 

53.231 

35.194 

63.130 

-216.704 

-64.879 

4.051 i 

.77 21.660 

53.634 

35.530 

64.555 

-216. 392 

-62.026 

3,801 i 

.77 21.660 

53.634 

35.530 

64.555 

-307.887 

-62.026 

3*e0i ! 

21 .660 

53.841 

35.704 

65.296 

-307.669 

-59.672 

3.622 

21 .660 

*'4.435 

36.202 

67.^62 

-307.035 

-52.791 

3*118 

21.660 

55.012 

36.689 

69.628 

-306. 40f 

-45.925 

2.641 1 

21 .660 

55.575 

37.166 

71 . 794 

-305.781 

-39.080 

2.190 

21 .660 

56.123 

37.633 

73.960 

-305.158 

-32.244 

1.762 j 

21 .660 

56.656 

38.091 

76.1^6 

-'..'4.* 41 

-25.435 

1.356 1 

21.660 

57.180 

38.539 

78.292 

-303.927 

-1H.626 

0*969 j 

21 .660 

57.690 

30.979 

80.450 

-303. 316 

-11.845 

0.602 

21.660 

58.168 

39.410 

92.624 

-302.710 

,>.071 

0.252 

21.660 

58.675 

39.832 

4.790 

-302.107 

1.690 

-O.082 

21.660 

59.151 

40.247 

86.956 

-301.510 

8«435 

-Oikdl 

21.660 

59.61 7 

40.654 

89.122 

-300.916 

15.167 

-0*705 

21 .660 

60.073 

41.054 

91.288 

-300. 329 

21.885 

-6*996 

21.660 

60.519 

41.447 

93.454 

-299, 748 

28.592 

-1.275 

21.660 

60.957 

41.833 

95.620 

-299.1 74 

35.290 

-1.542 

21 .660 

61 .386 

42.212 

97.786 

-298,610 

41.976 

-1*799 

21.660 

61 .806 

42.585 

99.952 

-290.055 

48.65 1 

-2*045 

21 .660 

62.219 

42.951 

102.118 

-297.513 

55.316 

*2.281 

21.660 

62.6?4 

43.312 

104.284 

-296.985 

61 .968 

-2*568 

21.660 

63.021 

43.667 

1 06.450 

-296.475 

68.616 


21.660 

63.411 

44.016 

100.616 

-295.987 

75.250 

-2.937 

2 1 .660 

63.795 

44.359 

1 10.782 

-295.524 

01.877 

-3.139 

21 *660 

64.172 

44.698 

112.948 

-295.091 

88.501 

-3.335 

21 .660 

64 « 542 

45.031 

115.114 

-294.699 

95.119 

-3.523 

21.660 

64.906 

45. 359 

11 7.280 

-294.349 

101.728 

-3.705 
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SILICON DIOXIDE (Si02) 


(CONDENSED PHASE) 


gfw “ 60. 09 


AHjr298. 1 S -218. 0 Real gfw’^ 
Tt = 848*K 
Tt = I298-K 




^298 I 5 ‘ 10. 00 ± 0. 10 cal den ‘ ‘gfW ‘ 
AHj = 0. 290 Real gfw ' ^ 

A ", = 0. 180 Real gfw * 

= 2. 100 Real gfw'* 


H298. 1 5 - H* = 1. 664 cal gfw' * 

C*= 11.22 + 8.20X 10^T“^ cal deg K" * gfw“* 298. 16*K< T< 84H*K 

P 

C* = 14.41 + l.94x 10-^T cal degK-^ gfw“* 

G* = 14. 40 + 2. 04 X 10-^T cal degK'^gfw"* 


C* = 21. 66 
P 

Structure 


degK*’*gfw”* 


848-K < T < 1298* 
1298*K < T < 1996*K 

1996'’K < T < 6000*K 


The stable forms of S 1 O 2 are considered to be- ci-quartz (hexagonal) up to 
848*K: ^-quartz (hexagonal) up to 1298*K, /l-cristobalite (cubic) up to 1996“K 

Heat of Formation 


Average of calorimetric values by Golutvin*, Wise, et al^, Good, ef al ^ 
Heat Capacity and Entropy 

4 ^ 

Low -temperature data^from Anderson and Kelley and King Higb-temper- 
ature data from Kelley. Data above melting point from Schick, ^ 

Melting and Vaporization 

Heat of fusion was an average value from Schick. ^ 

Reference s 

1. Golutvin. Yu. Zh. Fiz. Khim. 2^* ^251 (1956) 

2. Wises, et al, S. S. J. Phys. Chem. 67,815 (1963). 

3. Good. W7.”^^. J. Phys. Chern. 66. 380 (1962) 

4. Anderson, C. T , J. Am. Chem. Soc. 58, 568 (1936) 


GF’W • 60.rt4 


. Kelley. 

K. 

K. . 

King, E. 

G, , Bur. Mines Dull, 592 

. Kelley. 

K, 

K. . 

Bur. of Mines Bull. , 

584 (I960). 

Schick, 

H. . 

Chem. Revs 

. (1963). 


LiceN oiexioe 

(SiO^ 


<C0NDeNSED 

Phase ) 




SUMMARY 

0F UNCERTAINTY ESTIMATES 


r 



^ Kr.I 

"."K 

c 

p 


-<^7 


298.15 

40 

• 100 

4 O.IOO 

40.100 

40.000 4 0.500 

848 

40 

• 100 

40.205 

40.1 40 

40.055 

848 

40 

• 200 

40.240 

40.140 

40^085 

1000 

40 

• 200 

40.273 

40.157 

40.115 

1298 

4 O 

• 200 

40.325 

40.190 

40.175 

129ft 

40 

.200 

40.364 

to. 190 

tO.225 

1996 

4 O 

• 200 

40.450 

40.267 

40.365 

1996 

4 I 

• 000 

40.951 

40.267 

41.365 

2000 

4 I 

.000 

40.953 

40*268 

41*369 

)000 

4l 

• 000 

41 .358 

40*569 

42*369 

4000 

4 I 

• 000 

4 I .646 

40*804 

43*369 

5000 

4l 

• 000 

41.869 

40.995 

44* 369 

6000 

4l 

• 000 

42.051 

tl.l56 

45*369 
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TABi.E 200 


SILICON DIOXIDE 


ii>eal molecui,ar gas 


02$! 


I.lquld SI from I fc‘)0 * to '?■«!!! '***«< r'^^’ *"** *-***^p' Solid Si from 0* to IS90*K, 

" ^r. G—ou. SI02. 


r.'-K 


nr 


t«l/ ’It . 




Kciil/|,fw^ 




Lo* Kp 


0 

298. IS 
300 
400 
300 

600 

700 

600 

900 

1000 

1100 
1200 
1 300 
1400 
1300 

1 600 
1 690 
1690 
1 700 
1 800 

1 900 
200o 

21 or 

2200 

2 300 
2400 
2 300 

2600 

2 700 
2 600 
2900 
3000 

31CC 

3 20 0 
330r 
3400 
1*00 

3363 . 

3S6S .77 

3600 

37CC 

3600 

3900 

4000 

4100 

4200 

4300 

4400 

4S00 

460C 

4 700 
4600 
4900 
SOOO 

SICO 

S200 

S300 

S400 

SSOO 

S600 

S700 

3000 

S900 

6000 


0.000 

10.467 

10.486 

1 1 •426 
12.162 

12.727 
13.164 
1 3.477 
13.724 
13.916 

14.066 

U.166 

14.203 

14.362 

14,427 

14.401 
1 4. S23 
14.S23 
14.S27 
1 4 .666 
14. S99 
14.627 

1 4 . 6*^2 

14.6 74 
14.693 
14.710 
1 4 . 7 2 S 

14. 7 38 
14. 740 
14.760 
14.770 
14. 77P 

1 4 • 7fl6 
14. 7<n 
14. ROO 
1 4 • P06 
14.811 

1 4 , fl 1 S 

14.814 
14.H16 
14.821 
1 4. 02S 
14.829 
14.833 

14.636 
14.840 
14.843 
1 •«.84S 

1 4.848 

14.840 

14.853 

1 4.854 
14.847 

14.849 

14.860 
14.662 
14.864 
14.064 
1 4.866 

14.06P 

14.664 

14.870 

14.871 
14.873 


0.000 

I^FINI Tt 

^2.517 

54 .426 

44.426 

0.000 

44 .490 

54.526 

0.019 

57. 741 

44.949 

1.117 

60.373 

44.778 

2.298 

62.643 

56.737 

3.543 

64.638 

5 7. 726 

4.838 

66.41 7 

40. 703 

6.171 

68,019 

59.641 

7.531 

69.474 

60.561 

0.914 

70.809 

61.433 

10.313 

72.038 

62.266 

11*726 

73.178 

63.063 

13.150 

74.239 

63.823 

14.582 

74 .232 

64.541 

16.022 

76.164 

64.248 

1 7.467 

76.949 

64.841 

18. 77? 

76.949 

64.841 

18.772 

77,044 

64.91 7 

18.917 

77.876 

66.448 

20.372 

78.664 

67.174 

21.030 

79,414 

67.760 

23.292 

80.128 

68. 340 

24.756 

80.810 

68.891 

26.222 

61.463 

69.424 

27.690 

82.009 

69.930 

29.161 

82 ,689 

70.43 7 

30.632 

8 3.26 7 

70.919 

32.105 

83.824 

71 . 387 

33.580 

84. 360 

71 .841 

35.045 

84.878 

72.201 

36.532 

84.379 

72.710 

38.009 

84 . 864 

73.126 

39.487 

06. 334 

73.432 

40.966 

86. 789 

n.926 

42.446 

67,231 

74. 31 1 

43.926 

07,660 

74.687 

45.407 

8 7 .936 

74.928 

46. 302 

07.916 

74.928 

46.382 

88.077 

74.043 

46.889 

00.483 

74.410 

48. 371 

88.879 

7 4.7 60 

49.853 

89,264 

76.101 

51.336 

89.639 

76.434 

42.819 

90.006 

76. 761 

44.302 

90.363 

77,00 1 

44,786 

90.71? 

77.394 

47.270 

91 ,054 

77.700 

40. 754 

91.387 

70,001 

60.239 

91.714 

70«294 

61.724 

92.033 

70.584 

63.209 

92.346 

70.060 

64.694 

92.642 

79,146 

66.180 

92.942 

79.419 

67.666 

93.247 

79.60 7 

69.152 

93.534 

79.951 

70.630 

93.018 

80,210 

72.124 

94.096 

60.464 

73.61 1 

94 . 369 

00.714 

75.097 

94.637 

80.961 

76.584 

94 .900 

01.203 

78-071 

94.159 

81.442 

79.540 

95.41 3 

81 .676 

81.044 

94 .663 

0 1 . 90 7 

82.432 


-77.106 

-77.106 

infinite 

-77.433 

-77.728 

56-973 

-77.436 

-77.730 

56i623 

-77.556 

-77.809 

42ft511 

-77.654 

-77.860 

34.031 

-77.740 

-77.893 

28.371 

-77.813 

-77.912 

244324 

-77.803 

-77.923 

21 »286 

-77.954 

-77.923 

18*922 

-78.028 

-77,914 

17.027 

-78.107 

-77.899 

15*476 

-78.1 91 

-77.877 

14*183 

-78.282 

-77.849 

13*087 

-78.301 

-77.811 

12*146 

-78.408 

-77.766 

11.330 

-'3.604 

-77.715 

10.615 

- / ri . 7 1 0 

-77.663 

10.043 

-90.668 

-77.663 

10*043 

-90.681 

-77.586 

9*974 

-90.818 

-76.810 

9.326 

-90,964 

-76.029 

8*745 

-91 .120 

-75.237 

8*221 

-91.277 

-74.440 

7.747 

-91 .438 

-73.634 

7.314 

-91.601 

-72.824 

6*920 

-91 , 768 

-72.002 

6*556 

-91.040 

-71.178 

6.222 

-92.115 

-70.340 

5.912 

-92.293 

-69.503 

5*626 

-92.476 

-68.655 

5*359 

-92.662 

-67.799 

5.109 

-92.053* 

-66.939 

4.876 

-93.047 

- 66.068 

6*658 

-03 246 

-65.199 

4.453 

<*46 

-64.315 

4.259 

-93. f.. 2 

-63.428 

4.077 

-93. ' O 

-62.537 

3.905 

-93.998 

-61.943 

3.796 

-1 "5.493 

•61.943 

3.796 

-185.509 

-60.761 

3.669 

-105.559 

-57.294 

3.384 

-185.614 

-53.027 

3.096 

-104.672 

-50.359 

2.822 

-185,732 

-46.085 

2.562 

-185,798 

-43.415 

2.314 

-105.866 

- 39.935 

2*070 

-105.937 

-36.463 

1*853 

-186.012 

-32.980 

1 *638 

-106.091 

-29.503 

1 .433 

-186.1 74 

-26.019 

1*236 

-186.262 

-22.537 

1 *068 

-186.355 

-19.655 

0*866 

-186.455 

-15.566 

0*696 

-186.561 

-12.073 

0.528 

-186.677 

-8.578 

0*368 

-186.802 

-5.085 

0*214 

-186.940 

-1.590 

0 *064 

-187.091 

1 .915 

-0.077 

-187.261 

5.419 

-0.215 

-187.452 

6.925 

-0*366 

—107. 668 

12.433 

-0.677 

-187.916 

15.953 

-0.601 

-1 08.201 

19.480 

-0.722 

-188.530 

23.007 

-0.838 
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SILICON DIOXIDE (Si02) 


(IDEAL MOLECULAR GAS) 


gfw = 60. 09 


gfw"^ AHj 2 gg j 5 ~ -77.433 kcal gfw ^ 

®298 15 ” 

7 kcal gfw'l 

Vibr|ttional Levels and Multiplicities 
oj, cm" ^ <.j , cm" ^ 

990 . 9 ( 1 ) 1449 . 3 ( 1 ) 

377. 9 (2) 

Bond lengths and angles; 

Si-O distance = 1. 509 A 
O-Si-O angle = 180* 

Moment of inertia: 

I = 12,0976 X 10“^^ gm cm^ 

Bg = 0. 23135 cm'* 

Heat of Formation 

Vapor-pressure data of Porter et al ^ was used. Results in general sigrec- 
ment with earlier analyses by Schick^ and Brewer and Rosenblatt. ^ 

Heat Capacity and Entropy 

estimated values for spectroscopic constants were used. 
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AHfo = -^‘7- >0^ l^cal 
Point Group D . 

«»on 

^ 298 . 15 ■ 5 * 


siLiceN oiexioe (S 1 O 2 I (ideal mbleculaa casi orw • 60.64 

StiHMARY «F uncertainty ESTINATEi 




r.l / ‘‘IC 




Z' o 


o « 

r “> . . 

T."‘K 

s 


T - H298>/T 

- ”2V8 

? 9 e . l 3 

± 1.000 

± 1 .000 

± 1.000 

± 0.000 ± S . GOO 

1000 

± 1 .000 

± 2.210 

± 1.308 

± 0.702 

2000 

± 1 .000 

± 2.903 

± 2.032 

kl .702 

3000 

± 1.000 

± 3.309 

± 2.408 

± 2.702 

4000 

± 1 .000 

± 3.396 

± 2.671 

± 3.702 

3000 

± 1.000 

± 3.820 

± 2.679 

* 4.702 

6000 

± 1 .000 

± 4.002 

± 3.052 

± 5.702 
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TABLE ^01 


TANTALUM DIOXIDE IDEAL MOLECULAR CAS 0213 

R«f«r«nrtt State for Calculating AP^. and Log Kp: Solid Ta from 0* to 3270* K, 

Liquid Ta from 3270* to 5706 'K, Gaaeoua Ta from 5706* to 6000* K; Gaaeoua O^; Gaaaoua TaOz- 


T."K 




-<^T - 

f n o 

Ht - »*298 

AHf 

AF,' 

Kp 

0 

298. 

300 

i*0Q 

500 

600 

15 

0.000 

1 1.071 
11.091 
12.022 
12.725 

13.231 

0.000 

INFlNITt 

-2.675 

-45.950 

-45.950 

INFINITE 

62 .52 7 

62.527 

0.000 

-46.708 

-47.781 

35.023 


62.595 

65.919 

68.681 

71.048 

62.527 

62.974 

63.847 

64.854 

0.020 

1.178 

2.417 

3.716 

-46. 712 
-46.683 
-47.008 

-47.107 

-47.788 

-48.120 

-48.413 

-48.684 

34.812 

26.290 

21.161 

17.732 

700 


13.594 

73.117 

65.890 

5.059 

-47.190 

-48.941 

15.279 

800 


13.862 

74.950 

66.910 

6.432 

-47.271 

-49.106 

13.636 

900 


14.068 

76.595 

67.097 

7.829 

-47.348 

-49.421 

12.000 

1 000 


14.235 

78.086 

60.842 

9.244 

-47.42? 

-49.646 

10.850 

1100 


14.380 

79.450 

69.745 

10.675 

-47.504 

-49.864 

9.907 

1200 


14.513 

80.707 

70.607 

12.120 

-47.562 

-50.075 

9.120 

1300 


14.639 

81 .074 

71.430 

13.578 

-47.660 

-50.282 

8.453 

1 400 


14.761 

02.963 

72.215 

15.048 

-47.739 

-50.480 

7.060 

1500 


14.881 

83.966 

72.966 

16.530 

-47.820 

-50.672 

7.383 

1600 


14.999 

84.950 

73.605 

18.024 

-47.902 

-50.860 

6.947 

1 700 


15.113 

85.863 

74.375 

19.529 

-4 7. <‘46 

-51.043 

6.562 

1000 


15.223 

66.730 

75.037 

21.046 

-48.0'^3 

-51.219 

6.219 

1900 


15.328 

87.555 

75.675 

22.574 

-48.162 

-51.393 

5.911 

2000 


15.426 

08.344 

76.288 

24.112 

-48.259 

-51.558 

5.634 

2100 


15.518 

89.099 

76.861 

25.659 

-48.364 

-51.723 

5.363 

7200 


1 5-407 

89.823 

/7.453 

27.215 

-48.477 

-51.878 

5.153 

2300 


15.676 

90.516 

76.006 

28.779 

-48.603 

-52.030 

4.944 

2400 


15.746 

91.187 

78.541 

30.350 

-48.744 

-52.178 

4.751 

2500 


15.806 

91 .831 

79.060 

31 .928 

-48.900 

-52.316 

4.573 

7600 


15.859 

92 .452 

79.563 

33.51 1 

-49.090 

-52.449 

4*409 

2 700 


15.904 

93.051 

80.052 

35.099 

-49.307 

-52.575 

4.255 

7000 


15.94? 

93.630 

80.526 

36.69? 

-49.563 

-52.692 

4.113 

7900 


15.974 

94.190 

80.988 

36.288 

-49.873 

-52.798 

3.979 

3000 


16.00C 

94.73? 

81.437 

39.886 

-50.247 

-52.894 

3.853 

3100 


16.019 

95.257 

81.874 

41 .487 

-50.692 

-52.970 

3.734 

3200 


16.034 

95.766 

82.301 

43.090 

-51.217 

-53.041 

3.622 

3270 


16.042 

96.113 

02.593 

44.213 

-52 .634 

-53.075 

3.547 

3270 


16.042 

96.113 

82.593 

44.213 

-58.334 

-53.075 

3.547 

3300 


1 6.044 

96.260 

82.716 

44.694 

-58.398 

-53.024 

3.511 

3400 


16.050 

96.739 

83.122 

46.299 

-58.61 . 

-52.862 

3.398 

3500 


16.052 

97.704 

83.517 

«• “ . 904 

-58.83*’ 

-52.682 

3.289 

3600 


16.051 

97.656 

03.904 

49.509 

-59.055 

-52.508 

3.187 

3 700 


16.047 

90.096 

64.281 

51.114 

-59.281 

-52.321 

3.090 

3800 


16.041 

98.524 

04.6*>1 

52.718 

-59.512 

-52.131 

2.998 

3900 


16.032 

90.940 

85.012 

54.322 

-59. /47 

-51.934 

2.910 

4000 


16.021 

99.346 

85.365 

55.925 

-59.986 

-51.728 

2.026 

4100 


16.009 

99.74? 

85.711 

57.526 

-60.231 

-51.521 

2.746 

4200 


15.995 

ICO. 127 

66.050 

59.126 

-60.481 

-51 . 303 

2.669 

4 300 


15.900 

100.503 

86. 38 1 

60.725 

-60.735 

-51.077 

2.596 

4400 


15.964 

100.671 

86.707 

67.322 

-60.996 

-50.853 

2.526 

4500 


15.948 

101.279 

87.025 

63.916 

-61.261 

-50.618 

2.456 

4600 


15.931 

101 .560 

87.338 

65.512 

-61.533 

-50.374 

2.393 

4700 


15.913 

ICI .922 

87.645 

67.104 

-61.81 2 

-50.130 

2.331 

4000 


15.895 

102.257 

87.945 

68.695 

-67.0'’8 

-49.871 

2.271 

4900 


15.877 

102.504 

00.241 

70.283 

-62.393 

-49.619 

2.213 

5000 


15.658 

102.905 

88.531 

71.870 

-62.697 

-4V. 353 

2.157 

5100 


15.840 

103.219 

66.016 

. .455 

-63.012 

-49.080 

2.103 

5200 


15.021 

103.526 

89.096 

75.036 

-63. 339 

-48.804 

2.051 

5300 


15.803 

103.827 

89.371 

76.619 

-63.681 

-48.521 

2.001 

5400 


15.784 

104.123 

89.641 

78.198 

-64.040 

-48.225 

1.952 

5500 


15.766 

104.412 

89.907 

79.776 

-64.417 

-47.923 

1.904 

5600 


15.748 

104.696 

90.169 

81.352 

-64.818 

-47.621 

1.856 

5700 


15.731 

104.975 

90.426 

82.926 

-65.246 

-47.306 

1.814 

5706 

• 65 

15.729 

104.993 

90.443 

83.030 

-65.276 

-47.284 

i.aii 

5706 

.65 

15.729 

1 04.993 

90.443 

03.030 

-246.499 

-47.284 

1.811 

5800 

‘15.713 

*05.2<»e 

90.679 

84.49B 

-247.084 

-44.017 

1 .659 

5900 


15.696 

105.516 

90.929 

86.068 

-247.753 

-40.513 

1.501 

6000 


15.679 

105.780 

91.174 

87.637 

-248.470 

-36.982 

1 .347 


^5 Saptrmbex 
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TANTALUM DIOXIDE (Ta02) (IDEAL MOLECULAR GAS) gfw a ^12. 95 

a -45. 950 kcal. gfW* ^”f298. 15 ” 

Point Group D..|, ®298 15 * **** ^ 

H* - H* a 2.675 kcal gfW^ 

298. 15 0 

Vibrational .Levels and Multiplicities 
to • cm’^ • cm“^ 

988. 9 (1) 1072. 8 (1) 

279. 7 (2) 

Bond lengths and angles: 

Ta * O distance s 1.687 A 
O-Ta-O angle * 180* 

Moments of inertia 

la 15. 12 X 10*^^ gm cm^ o = 2 

Be = 0. 185111 cm-1 
He at of Formation 

Vaporization data of Inghramj^ ^ was used. 

Heat Capacity and Entropy 

Spectroscopic constants were estimated. See volume 1 , this study 
(section 1VB27. 4. 2) for details. 

Reference 

!• Inghram, M. , W. Chupka, and J. BerkowLtz, J. Chem. Phys, iZ# 569 
(1957) 


tantalum O10X1OE (T*02) (IDCAL MOLECULAR GAS) 

SUMMARY OF uncertainty CSTIMATCS 


GFW > 212.95 


t,*k 


4 

* « O \ 

-<Ft - H^)/T 

f - " * " 

”t - ”299 

298.15 

A 1*000 

A 3 .000 

A 3*000 

A 0.000 A 10. 000 

1000 

A 1*000 

A4.210 

A 3.508 

a0*702 

2000 

A 1*000 

A4.903 

A4.052 

±1*762 

)000 

A 1*000 

a5*309 

A 4 * AO 8 

±2*762 

4000 

A 1*000 

a5*594 

A4.6T1 

A34702 

5000 

A 1*000 

a5*820 

A4.879 

a4. 702 

4000 

A 1.000 

A6.002 

A5.052 

a5«702 
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TABLE ^0z 


TITANIUM DIOXIDE 


CONDENSED PHASE 


VV* *itt«**'“’*“"* '^1°' •"“* '‘P= Solid Ti from 0* lo I950'K, 

sl id . •»«*<>•«. L..OU. T. from I5S0- to 6000-K: C...o« O,; 

Solid TiOi from 0* to 2M3-K. Uqo.d TiOj from tUf to 6000*K. 


O2TI 


T.“t 


0 

298 . 1 ^ 

500 

400 

SOO 

600 

700 

600 

900 

1000 

1100 
1155 
1 155 
1200 
1 500 
1400 
1500 

1600 
1700 
1 800 
1900 
1950 
1 950 
2000 



€al/"K mlw 






's 


“t - “298 

ah]* 



0.000 
13.160 
13.221 
15.363 
16. 370 

0.000 

12.040 

12.122 

16.262 

19.610 

INFINITE 

12.040 

1 2.040 
12.590 

1 3.669 

-7.064 

0.000 

0.024 

1 .469 
3.061 

-224.639 

-225.800 

-225.800 

-225.685 

-225.473 

-224.639 

-212.593 

-212.511 

-208.094 

-203.720 

INFINITE 

155.827 

154.807 

113.692 

89.042 

16.930 

1 7.278 
17.514 

1 7.665 
17.815 

22.049 

25.487 

27.810 

29.884 

31 . 754 

1 4.969 
16.^8 7 

1 7.585 
18.836 
20.038 

4.728 

6.440 

8.1B0 

9.941 

11.716 

-225.235 

-224.994 

•224.762 

-224.540 

-224.333 

-199.392 

-195.104 

-190.850 

-186.623 

-182.421 

72.625 

60.911 

52.135 

45.316 

39.866 

1 7.918 
17.967 
17.967 
18.004 
10.077 
18.140 
18.197 

33.457 

34.332 

34.332 

35.020 

36.464 

37.806 

39-059 

21 .182 
21.787 
21.787 
22.271 

2 3.308 
24.296 
25.239 

13.503 

14.490 

14.490 

15.299 

17.103 

18.914 

20.731 

-224.139 
-224.037 
-224.987 
•22<..907 
-22' .738 
-22,.. 581 
-224.434 

-178.240 

-175.947 

-175.947 

-174.038 

-169.808 

-165.587 

-161.379 

35.411 

33.291 

33.291 

31.695 

28*546 

25.848 

23.512 

18. 248 
18.295 
18.340 
16.362 
18.40? 
18.402 
18.421 

40.235 

41 . 343 
42.390 
43,383 
43.660 
43.860 
44.327 

26.140 

27,002 

27.828 

28.620 

29.005 

29.005 

29.302 

27.553 

24.380 

26.212 

28.048 

28.966 

28.968 

29.888 

-224. 300 
-224.177 
-224.065 
-223.964 
-223.91 7 
-227.617 
-227.549 

-157.181 

-152.989 

-148.805 

-144.624 

-142.537 

-142.537 

-140.356 

21.469 

19.667 

18.067 

16.635 

15.974 

15.974 

15*337 


2100 

10.459 

2143 

18.475 

2143 

18.475 

7700 

18.475 

7300 

18.475 

7400 

18.475 

2500 

18.475 


45.226 30.116 
45.601 _ 30.423 
52.600’ 30.423 
53.085 3U003 
53.906 31.982 
54.693 32.912 
55.447 33.798 


31.732 -227.411 
32.526_-227. 352 
47.526 -212.352 
48.580 -212.274 
50.427 -212.143 
52.275 -212.017 
54.122 -211.698 


136.002 14.153 

134.131 13.678 

134.131 13*678 

132.049 13.117 

128.409 12.201 

124.770 11.361 

121*138 10*589 


2600 

18.475 

2700 

18.475 

2800 

10.47'^ 

2900 

ie.47S 

3000 

18.475 


56.171 34.645 
56.869 35.455 
57.541 36.232 
58.189 36.978 
58.815 37.695 


55.970 -211.782 

57.817 -211.673 

59.665 -211.567 

61.512 -21i.-.^8 

63.360 -211.1 ’ 


117.507 9.877 
113.885 9.218 
110.264 8.606 
106.648 8.037 
103.034 7.506 


3100 

18.475 

1200 

18.475 

3300 

18.475 

3400 

18.475 

350C 

18.475 


59. <,21 38.386 
60.008 39.053 
60.576 39.697 
61.128 40.319 
61.663 40.921 


65.207 -211,282 
67.055 -211.196 
68,902 - 21 :. 114 
70.750 -211.036 
72.597 -210.963 


-99.422 7.0d9 
-95.819 6.544 
-92.213 6. id? 
-88.610 5.696 
-85.009 5.368 


3550 

18.474 

3550 

10.475 

3600 

18.475 

3700 

10.475 

3800 

10.475 

3900 

18.475 

4000 

18.475 


61.925 41.215 
61.925 41.215 
62.184 41.505 
62.690 42.070 
63.182 42.619 
63.662 43.153 
64.130 43.671 


73.521 -210.927 

73.521 -313.304 

7<,.<,45 ->13.355 

76.292 -313.309 

78.140 -313.200 

79,987 -313.270 

81.835 -313.274 


-83.211 5.122 
-83.211 5.122 
- 79.971 4.855 
-73.486 4.340 
-67.002 3.053 
-60.526 3.392 
-54.040 2.952 


4100 

16.475 

4200 

18.475 

4300 

18.475 

4400 

18.475 

4500 

18.475 


64.586 44.176 
65.032 44.667 
65.466 45.146 
65.691 45.613 
66.306 46.068 


63.682 -313.296 

85.530 -313.333 

87.377 -313.386 

89,225 -313.454 

91.072 -313.537 


47.561 2.535 
41.076 2.137 
♦4.592 1.750 
’28.108 1.396 
• 21.626 1.050 


4600 

18.475 

66.712 

46.512 

4700 

18.475 

67.110 

46.946 

4600 

18.475 

67.499 

4 7.370 

4900 

18.475 

67.879 

47.785 

5000 

18.475 

68.253 

46.191 

5100 

18.475 

68.619 

48.586 

5200 

18.475 

68.977 

48.976 

5300 

18.475 

69.329 

49.357 

5400 

10.475 

69.675 

49,730 

5500 

18.475 

70.014 

50.096 

5600 

18.475 

70.346 

50.455 

5700 

18.475 

70.673 

50.806 

5800 

18.475 

70.995 

51.152 

5900 

18.475 

71.311 

51.491 

6000 

18.475 

71.621 

51.824 


15 


92.920 

-31 3.634 

-15.129 

0.719 

94.767 

-313.748 

-8.641 

0«402 

96.615 

-313.876 

-2.144 

0i098 

90.462 

-314*020 

4.353 

- 0*194 

100.310 

-314.179 

10.850 

-0.474 

102.157 

-314.357 

17.353 

-0.744 

104.005 

-314.551 

23.862 

-1.003 

105.85,; 

-314.766 

30.375 

-1.252 

107.700 

-315.002 

36.888 

-1 .493 

109.547 

-315.262 

43.414 

-1 .725 

111.395 

-315.549 

49.933 

-1 .949 

113.242 

-315.867 

56.475 

-2.165 

115.090 

•316.221 

63.011 

-2.374 

116.937 

-316.617 

69.560 

-2.57? 

110.785 

-31 7.060 

76.114 

-2.772 
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TITANIUM DIOXIDE (TiO^) 


(CONDENSED PHASE) 


gfw a 79. 90 


^1298. 15 * “225. 8 kcal gfw"^ ^Z9S 15® ^2. 04 cal dcg“* gfw-^ 

*^111 ® 2143 •K ‘^Hn^ =15.0 kcal gfw"*^ 

^298. 15 ” ^0 ® 2. 064 kcal gfw“^ 

C*= 17.97 + 0. 28 X 10“3t-4. 35 x 105t- 2 cal deg“ ^ gfw- 1 298. 15 •Kf T< 214 3*K 

C • a 18. 475 cal deg K‘^ gfw‘^ 2141 "K < T < 6000 ‘K 

The stable form of TiO^ is rutile with a tetragonal structure. 

Heat of Formation 

Based on combustion data of M«ih al^ and agreeing with Humphrey, ^ 
and Ariya 

Heat Capacity and Entropy 

Low-temperature data based on Kelley and King analysis. High-tem- 
perature data from Kelley- ^ Data above melting point is cstimated. 

Melting and Vaporization 

Melting point is from Brauer and Littke. ^ Heat of fusion was estimated. 
References 


1. Mah, A, e^al, Bur. of Mines Rept. 5316 (1957). 

2. Humphre^Cr L. , J, Am. Chem. Soc. 72. 1587 (1951), 

3. Ariya, S. , et al, J, Inorg. Chem. (Russia) J* (1 957). 

4. Kelley. K. . E, G. King., Bur. of Mines Bull. 592 (1961). 

5. Kelley, K. , Bur, of Mines Bull. 584' (I960). 

6. Brauer, G. , W. J. Littke., J. Inorg. Nucl. Chem. 67 (I960). 


Titanium oidxior (T1O2) Icsnden^eo 1 >masei cry * 79. 9 d 

Nummary sf uncertainty estimates 







Ki 

m\ gfm. 







T, “K 



'<*■7 * ”298 

>/T Hy - H29B 


5)1, 

298.15 

*0.200 

*0.040 

*0.040 

*0.000 

* 1 

OOti 

1000 

*0.200 

*0.282 

*0.142 

*0.140 



2000 

* 0.200 

*0.421 

*0.250 

*0.340 



2143 

* 0.200 

* 0.434 

*0.262 

* 0 . 36 9 



2U3 

* 2.000 

* 2.768 

*0.262 

* 5.369 



3000 

* 2.000 

* 3.440 

*1.079 

* 7.083 



4000 

* 2.000 

* 4.016 

*1.745 

* 9.083 



5000 

* 2.000 

* 4.462 

*2.246 

*11.083 



6000 

* 2.000 

* 4.827 

*2.646 

* 13.083 
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table 20 i 


TITANIUM DIOXIDE 


IDEAL molecular GAS 


02Ti 


Liquid Tl from 'IW " to *« I’^O'K. 

. G..,ou. T, from 3S50* to 6000-K; Ga.oou. 02. Ga.oou. TiOz. 


l.^K 


0 

300 

4*00 

500 

600 

700 

SOO 

900 

1000 

1100 
1155 
1155 
1?00 
1 300 
1 400 
1 500 

1600 
1 700 
1 600 
1 900 
1 

1950 

?ooo 

?1C0 
??0O 
I ?300 
! 7400 

I 2500 
I 

! 2600 
I 2 700 
7800 
I 290C 
j 3000 

3100 

3700 

3300 

3400 

3500 

3550 

3550 

3600 

3700 

3000 

3900 

4000 

4100 

4700 

4300 

44OO 

4500 

4600 

4700 

4600 

4900 

5000 

5100 

5200 

5300 

5400 

5500 

5600 

5700 

5800 

5900 

6000 


c«l/'*K 




Kcal/f(/« 

■ '5H| 


.A 


Log Kp 



0.000 

11*120 

11*140 

12*091 

12.788 

13.283 

13.635 

13.689 

14.078 

14.220 

14.329 

14.376 

14.378 

14.415 

14.483 

14*538 

14.583 

14.620 

14.65? 

14.678 

14.701 

•4.711 

14*711 

14.720 

14*737 
14.751 
1 4 . 764 
14.775 
14.785 

1 4 . 794 
14.60? 
14.809 
14.616 
14.821 

14.827 
14.831 
14.636 
1 4.640 
1 4.843 

14.045 

14.645 
14.047 
14.0 50 
14.852 
14.855 
14.857 

14.860 
14.862 
14.664 
14*866 
1 4.867 

14.869 

14.670 

14.872 

14.873 
14.674 

14.075 

14.877 

14.87P 

14.879 

14.880 

14.860 

14.881 

14.882 

14.881 

14.883 


0 

*000 

56 

-562 

56 

.631 

59 

.972 

62 

. 749 

65 

.127 

67 

.203 

69 

• 041 

70 

*688 

72 

* 1 79 

73, 

.540 

74. 

.240 

74. 

.240 

74, 

. 790 

75t 

.947 

77, 

,022 

78. 

,027 

70. 

969 

79. 

856 

80. 

695 


81 .489 
<J1 .071 
81 .871 
02.243 

82.962 

83.648 
84 . 304 
84,933 
85.536 

86.116 
06.674 
87.213 
e 7. 733 
88 .235 

08.721 

09.192 

89.648 
90.091 
90.522 

90. 732 
^0,732 
90.940 
91.347 
91.743 
92.128 
92.505 

92.071 

93.230 

93,579 

93.921 

*4.2^5 

94.582 

94.902 

95*215 

95.521 

95.822 

96.117 

96*405 

96.689 

96.967 

97.240 

97.508 

97,771 

90.030 

9fl.2P5 

98 . *• i*' 


infinite 

56*562 

56*562 

57.011 

57.889 

58.90? 

59.942 

60.967 

61.957 

62.906 

63.812 

64.292 

64.292 

64.675 

65.498 

66.264 

67.033 

67.750 

68.436 

69.094 

69.726 

70.033 

70.033 
70.333 

70.91 6 
71 .481 

72.024 
72.549 
73.056 

73.548 

74.024 

74.4,85 
74.933 
75.368 

75,791 

76.202 

76.603 
76.993 
77. 374 

77.560 
77.560 
77.745 
^8.107 
76.460 
78,806 
79. 14,4^ 

79.4,74, 
70.797 
60.114, 
60.424 
80. 727 

81.025 
81.31 7 

61.603 
61.684 

82.16ft 

82.431 

82*697 

82.9*-a 

83.215 

83.467 

8 3.716 
8^.960 
84.200 

84,43 7 
84,6/0 


-2.662 

0*000 

0.021 

1*184 

2*430 

3.735 

5.082 

6.459 

7.858 

9,273 

10. 701 

11.490 
11*490 
12.138 
1 3.583 

15.034 

16.490 

1 7.950 

19.414 

20.681 

22.349 

23.085 

23.085 

23.821 

25.29 3 
26.768 
28.244 
29.721 
31 .199 

32.678 

34.157 

35.638 

37.119 

38.601 

40.084 
«♦: .566 
43.050 
44.534 

t6.oie 


*i4.929 

56.415 
57.901 
59. 388 
60.874 


69,797 

71.285 

72.773 

74.261 

75.748 


-82.327 

-82.890 

-82*893 

-83.060 

-83.194 

-83.318 
-83.442 
-83.573 
-83.71 3 
-83.866 

-84.031 
-84.127 
-85.077 
-85.158 
-85. 348 
-85.551 
-85 765 

-85.993 

-86.233 

-86*486 

-86*753 

-86*890 

-90*590 

-90.706 

-90.940 

-91.176 

-91,416 

-91,661 

-91.912 

-92.164 

-92.423 

-92.634 

-92.951 

-93.221 

-93. %95 

-93,'^ 

-96 .05h 

-94,34 

-94.632 


-199.139 

-199.538 

-199.952 

-200,301 

-200.825 


-203.807 

-204.361 

-204.935 

-205.531 

-206.151 


-82.327 

-82.957 

-82,957 

-82.953 

-82.910 

-87.641 

-82.752 

-82.645 

-82.520 

-82.379 

-82.223 

-82.130 

-82.130 

-82.013 

-81.745 

-81.461 

- 81.160 

-80.847 

-80.517 

-80.174 

-79,816 

-79.632 

-79.632 

-79,348 

-78,776 

-78,191 

-77.595 

-76.988 

-76.37? 

-75.745 

-75.111 

-74.462 

-73.807 

-73.143 

-72.468 

-71.786 

-71.092 

-70.392 

-69.684 

-69.325 

-69.325 

-67, 425 

-63.913 

- 60.288 

-56.662 

-53.022 

-49,373 

-45.712 

-42.044 

-38,366 

-34.681 

• 0.979 
-27.275 
-23.552 
-19.822 
-16.085 

-12.337 

-8.577 

-4.800 

- 1.021 

2.764 

6.581 

10.408 

14.243 

16.088 

21.948 


infinite 

60.806 

60.432 

45«321 

36.238 

30.174 

25.835 

22.577 

20.038 

18.003 

16*335 
15.540 
15.540 
14.936 
13.742 
12.716 
1 1 .825 

11.043 

10.351 

9.734 

9.180 

8.924 

8.924 

8.670 

8.198 

7.767 

7.373 

7.010 

6.676 

6.367 

6.080 

5.812 

5.562 

5.328 

5.109 

4.903 

4.708 

4.525 

4.351 

4.268 

4.268 
4.099 
3.775 
3*467 
3.175 
2.897 

2.632 
2*379 
2.137 
1*906 
1 *684 

1.472 

1.268 
1.072 
0.884 
0.703 

0.529 

0.360 

0.198 

0.041 

-0.111 

-0.257 

-0.399 

-0.537 

-0.670 

-0.799 


/7.2}6 -206*798 

78.724 -207.475 

80.213 -208.188 

81.701 -208.943 

-209.746 


46.760 
46.760 
47. *>02 
48.987 
50.472 
51,957 

53.44 3 


-9*,. 778 
197.235 
-197,380 
■197,7ft<, 
198.038 
190,390 
198. 


62.361 -201.283 

3*840 -201.757 

65.335 -202.246 

66.823 -202.749 

68.310 -203.269 
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TITANIUM DIOXIDE (Ti 02 ) (IDEAL MOLECULAR GAS) gfw a 79. 90 

AH/o a -82. 327 kcal gfw'* AH* _ ,, a -82.890 kcal gfw'* 

Point Group D„h ®298 15 “ 8 ^W* 

HJ 98 . 15 - Hq a 2.662 kcal gfw‘* 

Vibrational Levels and Multiplicities 
oj. cm“^ to, cm"^ 

873. Z (1) 1 1Z7. 8 (1) 

294, 1 {Z) 

Bond lengths and angles: 

O-Ti distance s 1.620 A 
O-Ti-O angle a 180* 

Moments of inertia: 

I a 13. 9429 X 10'^^ gcm^ <, = 2 

a 0. 20074 cm*^ 

Heat of Formation 

Vaporization data of Berkowitz ^ ^Was recalculated. 

Heat Capacity and Entropy 

Estimated spectroscopic constants were used. 

Reference 

1. Berkowitz, J, , et al.J. Phys. Chcm. 61 1569 (1937) 


titanium disk IOC (Ti02) O&CAL MSLECULAft GAS) 

SUMMAWY SF UNCCSTaINTY ESTIMATES 


crw • 79.96 




fml/ 


_ Kcmi/gfw. 

T,*K 

''s 

o 

o « A 

- »29*>/T 

/ o • 

HT-H29i 

ah; 

29 S .15 

* 1.000 

* 3*000 

* 3*000 

*^ i *000 

* 5. 000 

1000 

* 1*000 

* 4*210 

* 3*308 

* 0*702 


2000 

* 1*000 

* 4.903 

* 4*032 

* 1*702 


3000 

* 1*000 

* 3*309 

* 4*408 

* 2*702 


4000 

* 1*000 

* 3*396 

* 4*671 

* 3*702 


3000 

* 1*000 

* 3*820 

* 4*879 

* 4.702 


4000 

* 1.000 

* 6*002 

* 3*032 

* 3*702 
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URANIUM DIOXIDE 


table 204 


CONDENSED PHASE 

Raf.reiwe Sute for CalcuUtlnii AH** ap" 

Liquid U from 1406* to 41Z4-K r ^ 0* to 1406*K, 

G...^ ^ e G**«ou« U from 4U4* to 6000* K 

Ga.eou. O^; Solid UO^ from 0* to 3000-K 


O 2 U 


T. % 

^ f " 


P 

u 

0 • 


i 5 • 

300 

15.360 

hOO 

i 7. J7j 

bOO 

lb.426 

6CC 

19,072 

7Cr{^ 

19.526 

8CC 

19.877 

9C0 

20.169 

V40 

20.275 

940 

20.2 75 

1 Oc 0 

20.424 

1046 

20. :> j 7 

1046 

20.537 

lUO 

20.655 

1200 

20.869 

1 300 

21 .0 72 

140C 

2l .266 

1 4^.6 

21.277 

1406 

21 .277 

1 ^u0 

21.454 

1 60^ 

2^.637 

1 to:. 

21 .di 7 

lerc 

21. « v4 

19 c 

22.i66 

20:0 

22.341 

2L V 

22. 512 

22. ^ 

22.662 

2 3:c 

22.851 

24:0 

2 3 . C 1 y 

2^ C 

23.467 

26. . 

2 3. 353 

2 TOC 

23. 520 

2 80, 

2 3 • 6 0 5 

2 90 ^ 

2 3 • c 5 i 

30v;: 

24,016 


— ^ 


J . 0.^0 

lUflHl T*. 

A 0 . 0^ y 

i 0 .02 V 

Id. 724 

A c.63i 

2^.445 

1 ^.260 

2 7.44b 

20. jo 8 

30.067 

21.950 

3^.642 

2 :>.44u 

36.4 7<. 

24.91 J 

38.8 j2 

26.331 

3 » . 7 i 1 

26,6^^ 

3y.7li 

26.882 

40.971 

2 7.090 

4 4 .931 

20.320 

41 .9 jl 

2o. 320 

42.9^0 

2o. 9b7 

44.735 

30.223 

4o .4i 3 

3i .407 

47.962 

3 2 . ,»3 3 

48.0 73 

32.001 

48.073 

32.601 

4y .455 

3 3,61 3 

,^0 • o46 

34. 0% r 

52.163 

35.640 

53.417 

36 « j y 3 

5 9 • 0 0 ^ 


55. 750 

36. 394 

56.045 

3 9, 247 

57.096 

40.071 

^ b.90d 

4 0 . 0 6 0 

59.004 

4 1 .640 

6^.027 

4 2 • 3b « 

61 • 740 

4 3 • 1 i u 

62 • 0^ *. 

43,824. 

0 >.4r 2 

4*4 , 3O » 

64. 3i 7 

45.1 7 7 

65.428 

45.32/ 


r~^ 


ah? 

—2 .7^6 

-2 38. 3 30 

0. JOO 

-239.260 

0.028 

-239.197 

1 .074 

—238. 946 

3.469 

-238.61 3 

5. >46 

-238.2 79 

i*ni 

-237.982 

9.248 

-257.735 

1 i .231 

-257.647 

.2.060 

-25 7. 3 93 

i2. 060 

-258.2 7b 

i 3.281 

-258. .64 

.4.264 

-238.069 

14*264 

-239.189 

A ^* 335 

-259.032 

i 7.4 i1 

“238.719 

A 9 . jOd 

-23d. 394 

2 A .62:1 

-238.036 

21.733 

-2 38.03^ 

2a .733 

— 2o2 .733 

23.761 

-262.405 

23.916 

-262.042 

28*088 

-4c61 *067 

30.279 

— 26i .28i 

32.487 

-2o0. 882 

34 • / A 3 

-260. 4 7 1 

30.933 

— 26O . 030 

■ *2 4 3 

-239,616 

4* .492 

-239. . 70 

43.783 

-238. 7a4 

46.096 

-236. 246 

48.42 3 

-237. 7o6 

30 * Too 

“237,^76 

3 3 . 1 < 6 

-236. 773 

33.303 

-236.2r 9 

-> / . 8 9 7 

-2 33. ^ 




Apy 

Kp 

-2 30. 3 30 

l<4Pi Ml Tc 

-24o • 300 

ACJ .729 

-240.489 

1 79 .560 

-242.200 

132 . >73 

-2 38* i 39 

a04 .094 

-234. lOO 

83 .267 

-2 JO.094 

7l .833 

-220.127 

61.772 

-222.182 

53.931 

—220.608 

5l .28 9 

- 220 . 608 

51 .209 

-218.207 

47.687 

-210.291 

43.163 

-216.291 

45 . 1 O 3 

-2 i4. 1 60 

42.549 

-210. lOi 

38 .203 

- 2 OO a 004 

34 .04 * 

—^02 .031 

31 .540 

- 2 O 1 .8 i 2 

31 .300 

- 2 O 1 • a 1 2 

3 1 . >60 

-197.749 

2 8 a d 1 1 

-1 93.431 

20 .42 3 

-1 0 9 . 1 74 

24.319 

-i«4, 922 

22 .462 

— 180*o9i 

20 • 7o3 

-i 7 o. 47 o 

1 9 .204 

-172.291 

17 . 930 

-108. 1 2o 

1 0 . 7 «90 

-463 . 973 

13.580 

- 4 3 9. 84 3 

14.533 

-1 35.734 

13.014 

-1 3 1 .642 

1 2 .740 

-147.37* 

11. 9H«. 

-143.314 

ll .201 

-1 3y.48l 

10.511 

-l33.H02 

9.008 
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URANIUM DIOXIDE (UO 2 ) 


(CONDENSED PHASE) 


gfw r 270.07 


ilHf 293 . 15 = -259. 2 ± 0.6 kcal ^298. 15 “ 18.61 cal deg K" ^ glw“^ 

= Uncertain. See volume 1, this study (section IVb32. -4. 2), 

*^298. 15 " ^ gfw-1 

Cp data have been selected and smoothed (see below). 

Structure 

Face-centered-cubic CaF^-type. 

Heat of Formation 

Taken from Coughlin. ^ 

Heat Capacity and Entropy 

Liow-temperature data are from Jones, Gordon, and Long^ joined to Kelley's 
equation. ^ 

Melti ng and Vaporization 

See volume 1, this stvjdy (section IV R 32. 4. 2). 


References 


1. Coughlin, V. P. . U.S. Bur. Mines, Bull. 542 (1954). 

2. Jones, W. M. , J. Gordon, and E. A. Long, J. Chem. Phys, ^0, 695 ( 195/.). 

3. Kelley, K. K. , U.S. Bur. Mines, Bull. 584 (I960). 


URANIUM 0I9X10C (^ 03 ) ICSNDCNSED PHASt) 

■SVt1MA«Y-l£ UMiLfcftlAi N TY talirtiMka 


(>fW ■ 270*07 




— 

— 

-c.l/'K gfw 


. - 

' '1C 



-<Ht 


296.15 

* 

0.200 


0.100 

± 

0.100 

900 

-It 

0.200 

± 

0.203 

± 

0.123 

900 

± 

0.900 

± 

0.203 

± 

0.123 

1000 

± 

0.900 

± 

0.990 


0.260 

2000 

* 

0.900 

± 

0.897 

± 

0.901 

2000 

A 

1.000 

± 

0.097 

A 

0.901 

3000 

± 

1.000 

* 

1.302 

* 

0.709 


- - 


* O.OUO ± 0*A00 

* O.OAO 
*■ 0*040 
^ 0.290 

* 0.790 

* 0.790 

* 1.790 
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table Z05 


URANIUM DIOXIDE 


ideal molecular gas 


C...OU. o'^. gV«o.’. Uo7"’ *” 


I. 'X 


6 

i9B*lb 

500 

400 

500 

600 

700 

aoo 

900 

940 

940 

1000 

1040 
1040 
IlOo 
i^Oo 
I 1300 
UOo 
U06 
Ud6 
1500 

UO'* 

700 

i0Oc 

1900 

2000 

?l0o 

220o 

2300 

2400 

2500 

260o 

270o 

2060 

29O0 

3000 

3100 

3200 

3300 

34O0 

3500 

3600 

3700 

3000 

3900 

4000 

4100 

4123.64 

4123*63 

4200 

43OO 

4400 

4500 

4600 

4700 

4000 

4900 

5000 

5100 

5200 

5300 

5400 

5500 

5600 
5 700 
5000 
5900 
5000 


< 

r ■' 


0.000 
10. 3S6 
10.406 
1 1 • 362 
12.036 

12.497 
12.017 
13.044 
1 3.209 
13.262 
1 3*262 
13.332 

13.380 
1 3.300 
13.426 
1 3.499 
13.557 
13. 604 
13.607 
13.607 
13.642 

M.6 74 
13# 700 
1 3.722 
1 3.741 
13.757 

13.771 
1 3 . 704 
I 3. 794 
13.604 
13.812 

13.819 
1 3.626 
13.032 
13.637 
1 3.64? 

13.846 

13.650 

13.854 

13.857 

13.860 

1 3.663 
1 3.665 
1 3.866 
1 3.870 
1 3.872 

13.074 
13.874 
13.874 
1 3.6 76 
13.677 
1 3.679 

13.680 

13.681 
13.063 

13.684 

1 3.685 
1 3.866 

1 3.887 
1 3.806 
1 3.089 
1 3.669 
13.890 

13.691 
1 3.892 

13.892 

13.893 
13.893 


‘.I'K 

<fi - 

'^T - «■}, 


0.000 

IKFINI T£ 

“2.629 

68.200 

68.200 

0.000 

68.265 

68.201 

0.019 

71 .396 

68.621 

1.110 

74.009 

69.445 

2.262 

76.247 

70.396 

3.510 

78.198 

71 • 374 

4.777 

79.926 

72. 33 / 

6.071 

81 .472 

/i.268 

7.384 

82.047 

73.629 

7.913 

82.047 

73.629 

7.913 

82.870 

74.159 

8.711 

83.496 

74.573 

9.352 

63.496 

74.573 

9.352 

84.146 

75.010 

10.049 

85.317 

75.821 

1 1 . 395 

66.400 

76.594 

12. 740 


87.406 

77.330 

6 7.465 

77.373 

87.465 

77.373 

68. 346 

78.034 

89.226 

78.706 

90.050 

79.350 

90.841 

79.967 

91.564 

80.559 

92.209 

81.128 

92.961 

81.675 

93.602 

82.203 

94.214 

82.712 

94.002 

83.204 

95 . 365 

63.679 

95.907 

84,139 

96.429 

84.584 

96.932 

85.016 

97.417 

85.436 

97.00 7 

85.843 

98.340 

86.239 

96.700 

86.624 

99.206 

86.999 

99.620 

b 7 , 364 

100.022 

87. 720 

100.412 

80.06/ 

100.792 

60.406 

101 . 162 

00. 737 

101 ,522 

09.060 

101 .673 

09.370 

102.216 

89.685 

102.296 

09.757 

102 .296 

89. 75 7 

102.550 

09.90 7 

1U2.077 

90.20 4 

103.196 

90.573 

103.508 

90.85 7 

103.813 

91.135 

104.111 

91.400 

1 04 .404 

91 .t,76 

104.690 

91 .939 

104.970 

92.197 

105.245 

92.450 

105.515 

92.690 

105. /0O 

92.94 3 

106.0)9 

93. 163 

) 06.2''4 

93.419 

106.544 

93.651 

106.790 

9 J.S79 

107. 0J2 

94.104 

107.269 

9 4 . 32 5 

107.504 

94.543 


14.106 

14.188 

14.188 

15.469 

16.835 

10.203 

19.575 

20.948 

22.323 

23.699 

25.077 

26.456 

27.036 

29.217 

30.590 

31 .900 
33.363 
34.747 
36.131 

37.515 

30.900 
40.285 
41 .671 
43.057 

44.H43 

45.829 

47.216 

46.603 

49.990 

51.377 
51 . 705 
51 . 705 
52.7«>4 
54.152 
55.540 
bo. 92 8 

58. 3i6 
59. 704 
6i .092 
62.481 
63.869 


' — Kc.|//|U . 
N AH'/ 

"116.033 
“117.000 
“117.006 
-11 7. 310 
“II 7.600 

-117.915 
-1 10.262 
“118. 732 
-119.204 
-U9.540 
-120.225 
-120.534 

-120.761 
-121.901 
-122.118 
-122.535 
-12 ’.954 
“1^3.375 
-123.400 
-128.100 
-128.497 

-128.923 
“129. 353 
-129. 785 
-130.221 
“130.661 

-131 .106 
-1 31 .554 
-1 32.006 
“132.463 
“132.925 

-1 33. 391 
-1 3 3.062 
-i 34. 336 
“1 34.815 
-135w 90 

-1 35. M- 
-136.2 
-1 36.773 
-137.272 
-1 3 / . 7 75 

-1 38.282 
-1 38.792 
-i 39. 305 
-1 39.822 
-140. 342 

-140.866 
-140.990 
-*47 . 8Vi 
-83 
-249.033 
-249.694 
—250. 3b 1 

-251 .039 
-251 . 725 
-252.422 
-253. 127 
-253.845 


65.250 -254.574 
66.647 -255.315 
08.036 -256.071 
o9.42< -256.046 
70.813 -257.637 

72.202 -258.452 
73.592 -259.291 
74.901 -260.164 
76.370 -^bl.072 
77.759 -262.024 


AF7 


-iib.Oii 

-119.146 

-119.160 

-119. 0J1 
-120.427 

-120.964 
-121 .444 
- 121.866 
-122.225 
-122.350 
-122.350 
-122.476 

-122.564 
-122.564 
-122.591 
-122.616 
-122.607 
-122.564 
-122-561 
-122.561 
-122.1 78 

-121.742 
- 121.281 
-120. 794 
-120.203 
-119.746 

-119.190 

-110.610 

-118.014 

-117.396 

-116.760 

-116.103 

-115.429 

-114.735 

-114.030 

-113.304 

-112.561 

-111.006 

-111.034 

-110.244 

-109.440 

-108.623 

-107.794 

-106.949 

- 106.088 

-105.216 

-104.335 
-104.122 
-104.126 
-101.452 
-97.947 
-.•4.424 
- .0.89X 

-87.335 
-83.766 
-80.1 84 
-76.595 
-72.980 

-69.356 

-65.707 

- 62.060 

“58.388 

-54.702 

-51.004 

-47.283 

-43.549 

-39.804 

-36.042 


Kp 


INF I HlXi 
87.332 
06.004 
65.469 

52.636 

44.059 

37.915 

33.291 

29.679 

28.445 

28.445 

26.766 

25.558 

25.550 

24.355 

22.330 

20.611 

19.132 

19.050 

19.050 

17.000 

16.628 

15.591 

14.666 

13.835 

13.005 

12.404 

11.702 

11.213 

10.690 
10.207 

9.759 

9.343 

8.955 

0.593 

8.254 

7.935 

7.636 
7 .353 
7.086 
6.833 

6.594 
6.367 
6. 1 5i 
5.945 
5 . 748 

5.561 

5.510 

5.518 

5.279 

4.9^8 

4.690 
4.414 

4.149 

3.095 

3.651 

3.416 

3.190 

2 .972 
2.761 
2.559 
2.363 
2.174 

1.990 

1.013 

1.641 

1.474 

1.313 



URANIUM DIOXIDE (UO 2 ) (IDEAL MOLECULAR GAS) 


gfw = 270.07 


AH/o = -116.0 kcal gfw*^ 298. 15 = -117 * 10.0 Real gfw-1 

^298. 15 ■ ^ ^29 kcal gfw** ^298. 15 = 6®- ^ cal deg K** gfw* * 

Vibration Levels 

co(cm“^) co(cm“*) 

900 925 

400 

Bond lengths and angles: 

O - U distance = 1.96 A 
O - U - O angle = 107 deg 
Heat of Formation 

Computed see volume 1, this study (section IVB52. 4. 2). 

Heat Capacity and Entropy 

Computed using the polyatomic gas program and the above estimated 
constants* 

References 

See volume 1, this study (section IVB32.,4. 2). 


2-258 



TABLE 206 


VANADIUM DIOXIDE 


IDEAL MOLECULAR GAS 


O2V 


Lin.. *^***'*‘»«n« AH", AF,". and Log Kp: Solid V from 0* to ^190•K, 

q d from 2190 to 3648*K, Gnanoua V from 3648* to 6000*K; GaseouaOz; Gaaeous VOg . 


T."It 




o o ^ 

/ o 

* ”298 

.Kcml/glw 

AH, 

Apf' 

Kof Kp 

0 

298. : 
300 
4»00 
500 

15 

0.000 

o.ooo 

INFINI T€ 

-2.785 

-55.464 

-55.464 

infinite 

12* 266 
12.290 
13.260 

59.912 

59.986 

63.671 

59.912 

59.91 3 
60.408 

0.000 

0.023 

1.305 

-55.876 

-55.877 

-55.902 

-57.076 

-57.084 

-57*480 

41 *836 
41 *584 
31*404 


13.793 

66.693 

61.372 

2.660 

-55.894 

-57.875 

25*296 

6d0 


14. 104 

69.237 

62.476 

4.056 

-55.893 

-58.272 

21«224 

700 


14.299 

71 .427 

63.602 

5.477 

-55*911 

-58*668 

18*31^ 

800 

900 


14.429 

73.346 

64.703 

6.914 

-55*959 

-59*059 

16*133 


14.521 

75.051 

65.760 

8.362 

-56.037 

-59.443 

i4*434 

1000 


14.588 

76.584 

66.767 

9.817 

-56.147 

-59.814 

13*072 

IlOO 


14.639 

77.977 

67.723 

11.279 

-56*287 

-60*174 

11*955 

1200 


14.678 

79.253 

68.632 

12.745 

-56.457 

-60*521 

11*022 

1 300 


14.709 

80.429 

69.495 

14.214 

-56.659 

-60*852 

10*230 

1400 


14.735 

81.520 

70.315 

15.687 

-56.890 

-61*167 

9*548 

1500 


14.755 

82.537 

71 .096 

17.161 

-57.151 

-61.462 

8*955 

1600 


14.772 

83.490 

71.841 

18.637 

-57.442 

-61.740 

8*433 

1 700 


14.786 

64. 386 

72.553 

20.115 

-* ■». 164 

-61.999 

7*970 

1 800 


14.798 

85.231 

73.234 

21.595 

-S?. 1 15 

-62.239 

7*556 

1900 


14.809 

66.032 

73.887 

23.075 

-58.497 

-62.458 

7*164 

2000 


14.818 

86.792 

74.513 

24.556 

-58.909 

-62.654 

6*846 

2100 


14.825 

87.515 

75.115 

26.038 

-59.353 

-62.831 

6*539 

2190 


14.831 

68.137 

75.638 

27.373 

-59.777 

-62.972 

6*284 

2190 


14.831 

88.137 

75.638 

27.373 

-63.977 

-62.972 

6*284 

2200 


14.832 

68.205 

75.695 

27.521 

-64.015 

-62.967 

6*255 

2300 


14.838 

68.664 

76.253 

29.005 

-64.397 

-62.912 

5*976 

2400 


14.843 

89.496 

76.792 

30*489 

-64.785 

-62.838 

5*722 

2500 


14.846 

90.102 

77.312 

31.973 

-65.179 

-62.748 

5*485 

2600 


14.652 

90.684 

77.815 

33.458 

-65.576 

-62*641 

5*245 

2700 


14.656 

91 .245 

78.30? 

34.944 

-65.978 

-62*523 

f *06t 

2800 


14.859 

91.785 

78.774 

36.430 

-66*384 

-62*386 

i«869 

2900 


14.662 

92.306 

79.232 

37.916 

-66*796 

-62.239 

4 *690 

3000 


14.665 

92.810 

79.676 

39.402 

-67.212 

-62.074 

4*522 

3100 


14.667 

93.298 

80.108 

40.889 

-67.632 

-61*893 

4*363 

3200 


14.869 

93.770 

80.528 

42.375 

-68.058 

-61*706 

4*214 

3300 


14.671 

94.227 

80.936 

43.862 

-68.486 

-61*499 

4*073 

3400 


14.673 

94.671 

81.333 

45.350 

-f *> .918 

-61.279 

3*939 

3500 


14.875 

95.103 

81.721 

46.837 

-69. . “^5 

-61*049 

3*812 

3600 


14.676 

95.522 

82.098 

48.325 

-69. ;75 

-60*801 

3*691 

3647* 

68 

14.877 

95.717 

82.275 

49.034 

-70.006 

-60*684 

3*63^ 

3647. 

66 

14.877 

95. 71 7 

82.275 

49.034 

-179.880 

-60*684 

3*636 

3700 


14.676 

95.929 

82.466 

49.812 

-1 79.977 

-58.969 

3*483 

3800 


14.879 

96.326 

82.826 

51.300 

-180.175 

-55.697 

3*203 

3900 


14.880 

96.713 

83.177 

5^.788 

-180*389 

-52.417 

2*937 

4000 


14.882 

97.089 

83.520 

54.276 

-180.618 

-49.128 

2*484 

4100 


14.863 

97.457 

83.856 

55.764 

-180*863 

-45.843 

2*444 

4200 


14.884 

97.815 

84.184 

57.253 

-181*124 

-42.545 

2*214 

4300 


14.685 

96.166 

84.505 

58.741 

-181, 01 

-39.239 

1*994 

4400 


14.686 

96.506 

84.819 

60.230 

-181 *695 

-35*931 

1*785 

4500 


14.686 

98.842 

85.127 

61.718 

-182.005 

-32*615 

1 *584 

4600 


14.887 

99.170 

85.429 

63.207 

•182.332 

-29.288 

l.jjl 

4700 


14.688 

99.490 

85.725 

64.696 

-182.676 

-25.956 

l*2d7 

4800 


14.866 

99.803 

86.015 

66.185 

-183.038 

-22.617 

1*030 

4900 


14.889 

100.110 

86.299 

67.673 

-183.419 

-19.266 

0*859 

5000 


14.890 

100.411 

86.579 

69.162 

-183.819 

-15.916 

0*494 

5100 


14.890 

100.706 

86.853 

70.651 

-184.239 

-12.557 

0«538 

5200 


14.891 

100.995 

87.122 

72*140 

-184*680 

-9*180 

0l38^ 

5300 


14.891 

101.279 

87.386 

73.629 

-185*145 

-5.796 

0*239 

5400 


14.892 

101 .557 

87.646 

75.119 

-185.635 

-2.411 

04098 

5500 


14.892 

101.830 

87.90? 

76.608 

-186.153 

0.994 

-0.039 

5600 


14.893 

102.099 

88.153 

78.097 

-186.703 

4.402 

-0*172 

5700 


14.893 

102.362 

88.400 

79.586 

-187.288 

7.821 

-0*300 

5800 


14.893 

102.621 

88.643 

81.076 

-187.913 

11.253 

-0*424 

5900 


14.894 

102.876 

88.882 

82.565 

-188.585 

14.706 

-0*545 

6000 


14.894 

103.126 

89.11 7 

84.054 

-189. 309 

16.164 

—0 *442 


15 September 1963 HLS 
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VANADIUM DIOXIDE (VO 2 ) 


(IDEAL. MOLECULAR GAS) 


gfw = 82. 95 


AHfo = -55.464 kcal gfw‘^ 

Point Group D«oh 
HS 98 . 15 - H 6 = 2.785 kcal gfw-1 

Vibrational I>evels and Multiplicities 


AHI 298 . 15 “ -55.876 kcal gfw’^ 
®298. 15 "" 59. 912 cal deg K'l gfw"* 


<*i, cm"^ 
883. 1 (1) 
293. 8 (2) 

Bond lengths and angles: 

V-O distance = 1. 59 A 


w, cm 


-1 


1126.8 (1) 


O-V-O angle = 180" 

Moment of inertia: 

I = 13.4312 X 10-39 grn cm2 „ - Z 

= 0. 20838 cm-1 
Heat of Formation 

F.ascd on Brewer and Rosenblatt* analysis of data by Berkowitz £t ^ 


Heat Capacity and Entropy 


Estimated data were used to calculate thermodyruirnic functions. 


References 

1, Brewer, L. and G. Rosenblatt, Chcm Rev. 61, 257 (1961). 

2. Berkowitz, J. ct al, J. Chem. Phys. 2 7, 87 (1957). 

VANADIUM OI0XIDE (VO^) MOEAL M^LECULAfi GAS» GEW • 82. 

SUMMARY ^F uncertainty ESTIMATES 


T.''K 

s 

' 'K 

s-r 


K.al'gfw.- 

298. IS 

A 1 .000 

A 3.000 

♦3.000 

aO.OOO * 10 000 

1000 

A 1.000 

A4.210 

a3.508 

a0.702 

2000 

A 1 .000 

A4.903 

A4.092 

±1.702 

3000 

A 1 .000 

♦ 9.309 

A4.406 

A2.702 

AOOO 

A 1 .000 

♦9.996 

a4 .671 

a3.702 

9000 

ft 1 .000 

a9.820 

♦4.079 

±4.702 

6000 

A 1 .000 

A6.002 

A9.092 

±9.702 
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TABLE 207 


TUNGSTEN DIOXIDE 


CONDENSED PHASE 


Reference Sut. for C.lcuUttng AHJ. ^F^. end Log K Solid W from 0* to 3A50-K, 
q from 3650 to 589PK, Gaacoua w from 5891* to 6000*K, 

Gaaeoua O 2 ; Solid WO 2 


O 2 W 


T.“lt 

0 

?9e. 1 5 
300 
400 
500 

600 

700 

800 

900 

1000 

1 100 
1 200 
1 300 
1 400 
1500 

1600 
1 700 
1 600 
1 900 
2000 


P 

0.000 

13.320 

13.350 

15.172 

16.160 

16.860 

1 7 . 4,25 

17,916 
18, 366 
18.790 

19.197 

19.592 

19,978 

20.359 

20.736 

21.109 
21 ,479 
21 ,84 7 
22.214 
22.580 




0.000 

12.060 

12.162 

16,266 

19.767 

21,827 
25.493 
27.684 
30.026 
31 .975 

33.767 
35.419 
36,965 
38.417 
39.804 

41.147 

42.468 

43.771 

45.050 

46.330 


- H298>/T 

I^IFINI TE 
12.060 
12.000 
12.618 
13.707 

1 4.994 
16.293 
1 7,596 
18.659 
20.075 

21 .240 
22, 352 
23.419 
24,438 
25.417 

26.359 
27.268 
2P .149 
29.005 
29.840 



-- Kcftl 



^ a 0 

»T-**29B 

ah'/ 

AF^ 

Loji Kp 

-2.077 

- 1 39.747 

-139.747 

INFINITE 

0.000 

-140.940 

-127,596 

93.526 

0.025 

-140.939 

-127.513 

92.689 

1.459 

-140.803 

-123.041 

67.223 

3.030 

-140.564 

-118.636 

51.853 

4.700 

-140.257 

-114.277 

41 .623 

6.440 

-1 39.908 

-109.977 

34.335 

0*230 

-139.538 

-105.713 

28.878 

10.050 

-1 39.160 

-101.524 

24.652 

11.900 

-138.770 

-97,342 

21 .273 

1 3.700 

-1 38. 369 

-93.24? 

18*524 

15.680 

-137.963 

-09.130 

16*232 

17.610 

-1 37.549 

-85.107 

14.307 

19.570 

-1 37.126 

-01.091 

12.658 

21 . 580 

-1 36.673 

-77.103 

11 .233 

23.660 

-136.1 73 

-73.150 

9,991 

25.840 

-13'- 593 

-69.231 

8.900 

28.120 

-1 3m . 935 

-65.345 

7.934 

30.500 

-134.1 96 

-61 .499 

7.074 

32.980 

“1 33. 379 

-57.692 

6.304 


May 1962 


CHW 
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TUNGSTEN DIOXIDE (WO2) 


(CONDENSED PHASE) 


gfw = 215. 86 


‘'”1298.15 '' -139. 747 Kcal gfw'^ S°^g 12. 080 cal degK-lgfwl 

”298. 15 - ”0 * 

Cp = 15. 49 3. 58 X lO'^ T - 2. 80 x lO^T'^ cal deg K"! gfw'l 

400 °K T V 1800 °K 

Structure 

WO^ remains solid until disproportionation occurs. 

Heat of Formation 

Based on data by Mah. ^ 

Heat Capacity and Entropy 

Low temperature data by King et ^ High temperature data from same 
workers. 

Melting and Vaporization 

WO 2 does not melt, but rather di sproportionates. 

Further details in report by BarriauLt et ^l. ^ 

References 

1. Mah, A. D. . J. Am. Chem. Soc. 8J_ 1582 (1959). 

2. King, E.G. ,et^, U, S, Bur. Mines. Kept. 5664 (1960). 

3. Barriault, R. ,et ^ ASD-TR-61 -260 May ( 1 962), Pt. 1. 
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TABLE 208 


TUNGSTEN DIOXIDE 


ideal MOLECUlJ^R GAS 

to 5891 K, Gaseous W from 5891* to 6000*Kj 
Gaaeoua 02; Gaaeoua WO 2 . 


OoW 


T.*r 


— cd/^'K «f«. 

V 


-(F 


-'V ^ — — — Kcal/gfv^ 

am; 

-2.693 1<»,477 




Kp 


0 

0.000 

298.15 

10.614 

300 

10.835 

400 

1 1.762 

500 

12.370 

600 

12. 767 

700 

13.035 

800 

13.27? 

900 

13.356 

1000 

13.455 

1100 

13.530 

120c 

13.568 

1300 

1 3.634 

1400 

13.671 

1500 

13.701 

1600 

13.726 

1 700 

1 3. 74 7 

1 600 

13.764 

1 900 

1 3. 77y 

2000 

13. 792 

2100 

1 3.603 

220C 

13.812 

2300 

13.820 

2400 

1 '..826 

2500 

13.634 

2600 

13.840 

2700 

1 3.845 

2600 

13.050 

2 900 

1 3.854 

1000 

13.857 

3100 

1 3.861 

3200 

I 3.864 

3300 

1 3,667 

3ii0C 

1 3.669 

i^or 

13.871 

■»600 

13.874 

3650 

13.875 

36‘*0 

1 3.675 

3 70r 

13.876 

^aoo 

13.677 

3900 

13.879 

4000 

i 3.86] 

4 100 

1 3.082 

4 200 

13.863 

4300 

1 3.665 

4400 

1 3.e8f. 

4500 

13.867 

4600 

1 3.886 

4 700 

1 3.0H9 

4 800 

1 3.890 

4900 

13.89] 

5000 

13.891 

5100 

1 3.892 

5200 

1 3.89 < 

5300 

1 3.894 

5400 

13.894 

5500 

1 3.695 

5600 

1 3.895 

57C0 

1 3.896 

5800 

1 ?.896 

5891 

13.697 

5691 

13.697 

5900 

1 3.897 

6000 

13.897 


0.000 

JNFIhi te 

65.893 

65.893 

65.960 

65.893 

69.213 

66.330 

71 .908 

67.184 

74.201 

66.167 

76.190 

69.174 

77.944 

70.163 

79.509 

71.116 

60.922 

72.027 

62.208 

72.895 

83.366 

73,721 

64.477 

74.507 

85.489 

75.256 

86.433 

75.970 

07.318 

76.652 

66.151 

77. 304 

06.937 

77.929 

69.662 

78.528 

90.389 

79.103 

91 .062 

79.657 

91 . 704 

60,190 

92.319 

00.704 

92.907 

81 *200 

93. <,72 

61 .660 

94.014 

82.144 

94,537 

82.593 

95.040 

83.029 

95.5^6 

83.452 

95.996 

63.862 

96.450 

84.261 

96.891 

84,649 

9^.317 

65.029 

97.731 

85,394 

96.133 

85.752 

90.524 

86.101 

96.714 

86,272 

96.714 

86.272 

98.90^ 

86.442 

99,274 

86.775 

99.635 

87,100 

99 .986 

87,418 

1 O'*'. 3 29 

8 7.729 

IOC. 664 

86.033 

1 on. 990 

68. 330 

101. 309 

88.622 

1 01 .62 2 

88.907 

1 01 .92 7 

69,167 

102.225 

0^.461 

102.51 6 

89.730 

1 02.804 

09.994 

103.085 

90.25 ^ 

103 . 360 

90.507 

1 0 3.630 

90. ''5 7 

10 3 .694 

91 .002 

104,154 

91 .244 

1 C4 .409 

91.481 

104.659 

91,714 

1 04.90'> 

9 1 . 94 3 

10*^. 147 

92.16V 

1 05 . '64 

92.371 

105.364 

92.371 

: 05. 365 

92. B'Jl 

.05.618 

92.609 


0.000 

1 3.900 

0.020 

1 3.896 

1.153 

1 3.731 

2.362 

1 3.608 

3.620 

1 3.503 

4.91 1 

13.403 

6.224 

13.296 

7.554 

13.184 

8.894 

1 3.064 

10.244 

12.935 

11.600 

12.797 

12.961 

1 2.642 

14.326 

12.470 

15.695 

12.282 

17.066 

12.073 

18.440 

1 1.847 

19.816 

1 1.601 

21.193 

11. '37 

22.571 

11.352 

23.951 

10.749 

25.332 

10.426 

26.71 3 

1 0.084 

28.096 

9. 722 

27.479 

9. 340 

30.863 

6.939 

32.247 

8.510 

33.632 

6.0 78 

35.017 

7.618 

?' .402 

7.130 

37.788 

6.640 

39,175 

6.12? 

40.561 

5.586 

41 .948 

5.0 30 

43.335 

4.456 

44. 722 

3.66? 

45.416 

3 . ^ 

45.416 

— 4.8 • L> 

46. 1 10 

-5.13. 

4^.49 7 

-5.730 

48.885 

-6.331 

50.273 

-6 935 

51 .661 

-7.543 

53.049 

-0,155 

54.438 

-8.769 

55.826 

-9,389 

57.215 

-10,01 1 

58.604 

-10.638 

59.993 

-1 1 .270 

61.382 

-1 1 .906 

62.771 

• 12.552 

64.160 

-1 J.204 

65.549 

-1 3.065 

5.930 

-14.536 

*>. 32 7 

-15.220 

69. 71 7 

-15.918 

71.106 

-16.634 

72.496 

-1 7. 371 

73.805 

-18.134 

75.275 

-18.920 

7(i . 540 

-19.604 

76.540 

-211.949 

7b . 66 5 

-212.021 


14,477 

iNFiNire 

11.200 

-8.209 

11.163 

-8.146 

10.314 

-5.635 

9.466 

-4.019 

8.659 

-3.154 

7.646 

-2.450 

7.074 

-1.932 

6.265 

-1.526 

5.546 

-1.212 

4.777 

-0.949 

4.067 

-0.741 

3.316 

-0.558 

2.605 

-0.407 

1.908 

-0.278 

1.222 

-0.167 

0.551 

-0.071 

-0.108 

0.013 

-0.751 

0.086 

-1.378 

0.151 

-1.991 

0.207 

-2.592 

0.257 

-3.176 

0.302 

-3.744 

0.341 

-4.298 

0.376 

-4.836 

0.406 

-5.357 

0.434 

-5.863 

0.456 

-6.354 

0.479 

-6.820 

0.497 

-7.282 

0.513 

-7.725 

0.526 

-8.150 

0.540 

-0.558 

0.550 

-8,946 

0.559 

-9.317 

0 • 566 

-9.497 

0.569 

-9.497 

0.569 

-9.561 

0.565 

-9,671 

0.556 

-9.770 

0.547 

-9.844 

0.538 

-9.918 

0.529 

-9.962 

d.518 

-9.989 

0.506 

-10.014 

0.497 

-10.026 

0.467 

-10.014 

0.476 

-9.992 

0.465 

-9.955 

0.453 

-9.900 

0.442 

-9,845 

0.430 

- ^.772 

0.419 

-y.682 

0.407 

-9.577 

0.395 

-9.466 

0.303 

-9.339 

0.371 

-9.201 

0.359 

-9.040 

0.34 7 

-8.874 

0.334 

-8.701 

0.323 

-8.701 

0.323 

-8.396 

0.311 

-4.926 

0.179 


CHW 


78.0b<. -*12.869 


May 1962 
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TUNGSTEN DIOXIDE (WO^) (IDEAE MOl^ECUI^R GAS) 


gfw " 215.86 


AH^Jo 14.477 Kcal gfw"^ '^14^^98. 15 " *3.900 Kcal gfw‘ 

Point Group C2y ^^98 15 ~ 65.893 cal dogK'lgfw"* 

H° 9 g J J - H°= 2. 693 Kcal gfw"' 

Vibrational levels and multiplicities 
r»i, cm"^ oj, cm" ^ 

794 (1) 812(1) 

3S1 (1) 

Bond lengths and angles: 

W - O distance - 1. 78 A 
O - W - O Angle -- 107 deg 

Product of moments of inertia: - 8.80082 x 10 g3 0-1 

Heat of Formation 

Based on work of DeMaria et ^ 

Heat Capacity and Entropy 

Calculated using spectroscopic constants. See F^^lr^laalt ct fur 

further details. 

References 

1. DeMaria, G.,^ ad. J. Chern. Phys. ^ 1373 (I9b0). 

2. Barriault. R. ct al. ASD -T R -6 1 -260 May (1962), Pt. 1. 
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TABLE Z09 


ZIRCONIUM DIOXIDE 


CONDENSED PHASE 


Liquid Zr * 7 "* •" ^‘****^- 

^2 from 0 to M78*K. T.tr.gon.l ZrOz from 1478* to 2973*K, 
Liquid ZrO^ from 2973* to 6000 'K. 


02Zr 


t.^k 



P 

0 

0.000 

298.15 

1 3*397 

300 

13.447 

400 

15.260 

500 

16.196 

600 

16.767 

700 

17.214 

BOO 

1 7.555 

900 

1 7.845 

1000 

18.104 

1100 

16.342 

1135 

18.42? 

1135 

18.422 

1 200 

18.567 

1 300 

18.761 

1400 

18.989 

1478 

19.147 

1478"' 

1 7.800“ 

1 500 

17.800 

1600 

1 7.800 

1 700 

17.800 

1800 

17.800 

1 900 

1 7.800 

2000 

17.800 

200C 

17.800 

2100 

18.437 

2125 

10.596 

2125 

18.596 

22C0 

19.074 

2300 

19.712 

2400 

20.349 

2500 

20.986 

2600 

21 .623 

2700 

22.260 

2800 

22.898 

2900 

23.53«> 

2973 

24.000 

2973 

24.000*" 

3000 

24.000 

3100 

24.000 

3200 

24.000 

3300 

24.000 

3400 

24.000 

3500 

24.000 

3600 

24.000 

3700 

24.000 

3800 

24.000 

3900 

24.000 

4000 

24.000 

4100 

24.000 

4200 

24.000 

4300 

24.000 

4400 

24.000 

4500 

24.000 

4600 

24.000 

4644*05 

24.000 

4644.05 

24.000 

4700 

24.000 

4800 

24.000 

4900 

24.000 

5000 

24.000 

5100 

24.OO0 

5200 

24.000 

5300 

24.000 

5400 

24.00'' 

5500 

24.000 

5600 

24.000 

5700 

24.000 

5800 

24.000 

5900 

24.000 

6000 

24.000 










V 


Kc.l/jflw. 

1 ^*^1 

Ar;^ 

Log Kp 

0.000 

12.120 

12.203 

16.353 

INFINMC 

12.120 

12.120 

-2.091 

0.000 

0.025 

-260.203 

-261.500 

-261.499 

-260.203 

-247,732 

-247,647 

INFIMITE 
181 .584 
180.402 

19. 868 

i c « 6 7% 

1 .472 

-261 . 393 

-243.042 

132.786 


13.771 

3.049 

-261.220 

-238.474 

104.232 

22.877 

1 5.044 

4.700 

-261.026 

-233.942 

85.209 

25. 498 
27.820 

16. 354 
17.645 

6.401 

8*140 

-260*825 

-260*626 

-229.444 

-224.975 

71 .632 
61 .457 

29.905 

18.893 

9.910 

-260.429 

-220.530 

53.549 

31 .798 

20.091 

11*708 

-260.235 

-216.107 

47.228 

33.535 

21.235 

13.530 

-260.044 

-211.704 

42.060 

34.111 

21.623 

14.174 

-259.976 

-210.166 

40.467 

34.11] 

21.623 

14.174 

-260.891 

-210*166 

40.467 

35.141 

22.320 

15.376 

-260.755 

-207.266 

37.746 

36.6 36 

23.372 

17.243 

-260.535 

-202.618 

34.095 

38.035 

24.369 

19.132 

-260. 300 

-198.387 

30*966 

^39.069 

25.118 ^20.619 

^-260.107 

-194.941 

28.824 

"*40.030“ 

25.116 

22.039 

-258.687“" 

-194.941 28.824 

40.293 

25. 339 

22.431 

-258.661 

-193.994 

28.264 

41 .441 

26.310 

24.211 

- 38.548 

-169.687 

25.909 

42 . 521 

27.232 

25.991 

-258.441 

-185,386 

23.832 

43.538 

28.110 

27.771 

-258.340 

-181.092 

21 .987 

44 . 500 

28.947 

29.551 

-258.244 

-176.802 

20*336 

45.413 

29.748 

31 . 331 

-258.154 

-172.518 

18.651 

45.413 

29.748 

31 . 331 

-250.154 

-172.518 

18.851 

46.297 

30.515 

33.143 

-258.038 

-168.239 

17,508 

46 .516 

30.702 

33.605 

-258.000 

-167.169 

17,192 

46.516 

30.702 

33.605 

-262.900 

-167,169 

17.192 

47.170 

31.252 

35.018 

-262.771 

-163.791 

16.270 

48.032 

31.963 

36.957 

-262.548 

-159.300 

15.136 

48.884 

32.650 

38.960 

-262.267 

-154.815 

14.097 

49. 72 8 

33.317 

41.027 

-261.928 

-150*348 

13.143 

50.563 

33.964 

43*158 

-261.529 

-145*888 

12.262 

51.391 

34.594 

45.352 

-261 .073 

-141.453 

11 .449 

52.212 

35.209 

47^610 

-260.557 

•137.032 

10*695 

53.027 

35.809 

49.931 

-259.984 

-132.627 

9*995 

_5 3 . 6 1 8 

36.239 

_51 *666^ 

-259.528 

-129.427 

O ..41 i.. 

62.02 7"“ 

36.239 

7b.666 

-234.528 -129.427 9.514 

62.244 

36.472 

77.314 

-234.353 

-128.474 

9.359 

63.031 

37.316 

79.714 

-23:. '10 

-124.951 

6.809 

63 . 793 

38.132 

82.114 

-23^ . 172 

-121.458 

8.295 

64.531 

30.921 

84.514 

-232,437 

-117.900 

7.813 

65.248 

39.684 

86.914 

-231,807 

-114.510 

7.361 

65.943 

40.425 

09.314 

-’31.181 

-111.077 

6.936 

66.619 

41.143 

91.714 

-230.559 

-107.654 

6.535 

67.277 

41.841 

94.114 

-229.940 

-104,250 

6.157 

67.91 7 

42.510 

96.514 

-229.325 

-100.859 

5.800 

68.540 

43.170 

98,914 

-228.714 

-97.486 

5.463 

69.148 

43,819 

101 .314 

-228.106 

-94.124 

5.142 

69.741 

44. 444 

103.714 

-227.502 

-90.784 

4.839 

70.319 

45.054 

106.114 

-226.902 

-87.460 

4.551 

70.884 

45.648 

108.514 

-226.305 

-84.142 

4.276 

71 .435 

46.220 

1 10.91*» 

-225.713 

-80.045 

4.015 

71 .975 

46.794 

113.314 

-225.124 

-77.558 

3.767 

72.502 

47.347 

115.714 

-224*540 

-74.280 

3.529 

72.731 

47.58 

116.772 

-224.28? 

-72,840 

3.426 

72.731 

47.587 

116.772 

-359.737 

-72.840 

3«42e 

73.018 

47.880 

118.114 

-359*469 

-69.388 

3«226 

73.524 

40.41 7 

120.514 

-358.997 

-63.222 

2.876 

74.019 

48.934 

122.914 

-358.537 

-57,057 

2.545 

74.503 

49.441 

125.314 

-358.089 

-50.910 

2.225 

74.979 

49.937 

127. 714 

-357.655 

-44,776 

1 «919 

75.445 

50.423 

130.114 

-357.236 

-38.638 

1 .&24 

75.902 

50.899 

1 32*514 

-356.834 

•32.514 

1*341 

76.350 

51.366 

134.914 

-356,450 

-26.395 

1*068 

76.791 

51.025 

137,114 

-356.086 

-20.287 

0.806 

77.223 

52.274 

1 39.714 

-355. 748 

-14.176 

0.553 

77.648 

52.716 

142.114 

-355.438 

-8.078 

0.310 

70.065 

53.149 

144.514 

-355.161 

-1.979 

0*075 

78.476 

53.575 

146.914 

-354.924 

4.112 

-0*152 

78.879 

53.993 

149.314 

-354*733 

10.210 

-0.372 


1 5 Septembr 1 

r 1963 
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ZIRCONIUM DIOXIDE (Zr02) 


(CONDENSED PHASE) 


g/w « 123.22 


^”f298. 15 ■ 

®29B 15 ■ 8^^"* 

Tt - 1478 "K 

AHj - 1. 42 kcal gfw'* 

- 2973 •K 

^”m ■ ^5. 0 kcal gfw“* 

”198. 15 - ”8 ■ 091 kcal gfw‘* 


C^ » 16.64 4 1. 80 X 10"^T-3, 36 x 

10®T*^ cal deg"* gfw"* 


298. 15 'K < T < 1478 "K 

C • ■ 17. 80 cal deg K”^ gfW* 

1478 •K^ T < 2000*K 

C* * 5. 056 ♦ . 006372T cal deg K“^ 

gfw^* 2000 •K< T< 2973 *K 

P 

~ — 

C* « 24.0 cal deg K** gfw"* 

2973 'K < T < 6000 ‘K 


Zr02 exists as monoclinic form below I478*K and tetragonal above. 

Heat of Formation 

Combustion calorimetry was used by Humphrey. ^ 

Heat Capacity and Entropy 

Low temperature data from Kelley^ and Kelley and King. ^ High temperature 
data to 2000*K from Kelley.^ Data above 2000*K estimated. 


Melting and Vapor iaatlon 

Heat of melting was estimated. 
References 


1. Humphrey. G. L. « J. Am. Chem. Soc. 76» 978 (1954). 

2. Kelley, K. K. , Ind. Eng. Chem. 36. 377 (1944). 

3. Kelley. K. K. , and E. G. King. Bur. of Mines. Bull. 592 (1961). 

4. Kelley. K. K. . Bur. of Mines Bull. 584 (1960). 


2IRC0NIUH Dl0XlDr (2r02) (CeNOfNSCO PHASE! 

SUMMARY uncertainty ESTIMATES 


GFW • 123.22 


T."K 

'c' 

p 

C*l/“ 

K «f« 

O o 

- ”29t 

^ 

)/T Hj - 5Mf 

298.15 

*0.300 

*0*080 

40*080 

*0*000 *2.000 

1000 

*0*300 

*0*443 

*0*232 

*0*211 

1478 

*0»300 

*0*560 

*0*321 

*0*354 

1478 

*2«000 

*0*560 

*0*321 

*0*354 

2000 

*2.000 

*1*165 

*0 • 466 

*1*396 

2973 

*2»000 

*1*956 

*0*833 

*3*344 

2973 

*2«000 

*4*649 

*0*833 

* 11*344 

3000 

*2*000 

*4*667 

*0*868 

*11*398 

4000 

*2*000 

*5*242 

*1*893 

* 13*398 

5000 

*2*000 

*5*689 

*2*609 

* 15*398 

6000 

*2*000 

*6*053 

*3*154 

* 17*398 
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TABLE 210 


ZIRCONIUM DIOXIDE 


IDEAL MOLECULAR GAS 


I . j C,ltul.t,n* AF,», and Log Kp: Solid Zr from 0* U 

Liquid Zr from 21 iS to 4644*K, Caaooua Zr from 4644* to 6000*K; Caaeoua Og; 


0?2r 


to 2I2S*K. 


Caa«ouB ZrOy 


T.^K 


'»T 

0 

0.000 

0.000 

298. IS 

11.365 

58.551 

300 

11.385 

58.621 

400 

12.329 

62.033 

500 

12.998 

64.860 

600 

13.461 

67.274 

700 

13.784 

69.374 

800 

14.014 

71.231 

900 

14.182 

72.892 

1000 

14.308 

74.393 

1100 

14.40S 

75.761 

1135 

14.433 

76.213 

1135 

14.433 

76.213 

1200 

14.480 

77.010 

1 300 

14.540 

70.179 

1400 

14.588 

79.259 

1500 

14.627 

00.267 

1600 

14.660 

61 .212 

1700 

14.687 

82.101 

1800 

14.710 

82.941 

1900 

14.729 

83.737 

2000 

1 «* . '46 

84 -.9 3 

2100 

14.760 

85.213 

1 2125 

1 4 . 764 

85.388 

1 2125 

14.764 

85.388 

2200 

14.773 

65.900 

2300 

14. 784 

86.557 

1 2400 

14.794 

87.186 

j 2500 

14.80: 

87. 790 

1 2600 

14.810 

88.371 

' 2700 

14.817 

88.930 

2800 

14.823 

89.469 

2900 

14.628 

89.989 

3000 

14.033 

90.492 

3100 

14.830 

90.979 

3200 

14.842 

91 .450 

3300 

14.84S 

91 ,906 

3400 

14.849 

92.350 

3500 

14.852 

92.780 

3600 

l4.flS5 

93,199 

370C 

14.857 

93.606 

3800 

14.860 

94.002 

3900 

14.862 

94.386 

4000 

14.864 

94.76<. 

4100 

14.866 

95,131 

4200 

14.866 

95,490 

4300 

14.870 

95.839 

4400 

14.871 

96.181 

4500 

14.873 

9^ .515 

4600 

14.874 

96.342 

4644.05 

14.875 

96.984 

4644.05 

14.875 

96.984 

4700 

14.875 

97.162 

4800 

14.876 

97.475 

4900 

14.678 

97.18? 

5000 

14.879 

98.083 

5100 

14.880 

98.377 

5200 

14.881 

98.666 

5 300 

14.881 

98.950 

5400 

14.802 

99.226 

5500 

14.683 

99.501 

5600 

14.684 

^9.769 

5 700 

14.885 

100.033 

5800 

14.885 

100.292 

5900 

1 4 . 886 

100.546 

6000 

14.886 

100.796 


gtm 


*(^r ■ 


infinite 

58.551 

56.551 
59.010 
59.905 

60.937 
61 .996 
63.03'. 
64.061 
65.002 

65.919 

66.229 

66.229 

66.792 

67.624 

68.417 

69.174 

69.897 
70.589 
71.252 
71.888 
72. SCO 

73.088 

73.232 

73.232 

73.655 

74.202 

74.730 

75.240 

75.734 
76.21 3 
76.67 7 
77.127 
77.564 

77.989 

78.402 

78.004 

79,196 

79.578 

79.951 

00.314 

00.669 

01.016 

81-355 

01 .687 
02.01 I 
82.329 
e?.640 
82.944 

83.243 
83.373 
83.373 
83.536 
8 3.823 
84.105 
84.361 

84.653 

84.920 

85.182 

85.439 

85.692 

85.941 
86.186 
86.42 7 
86.664 
86.898 


-2.725 

0.000 

0.021 

1.209 

2.478 

3.802 

5.165 

6.556 

7.966 

9.391 

10.827 

11.331 

11.331 

12.271 

13.722 

15.179 

16.639 

18. 104 
19.571 
21.041 
22.51 3 
23.987 

25.462 
25.831 
25.831 
26.939 
28.417 
29.895 
31. J75 

32.856 

34.337 

35.819 

37.302 

38.785 

40.268 
4’ .?*«2 
43.237 
44.721 
46. ..06 

47.692 

49.177 

50.663 

52.149 

53.636 

55.122 
56.609 
58.096 
59.583 
61 .070 

62.557 
63.212 
63.212 
6 545 

65.532 
67.020 
68.508 

69.996 

71.484 

72.972 

74.460 

75.948 

77.437 

;8.925 

80.413 

81.902 

83.391 


-81.794 

-82.457 

-82.460 

-82.613 

-62.748 

-82.881 

-83.018 

-83.167 

-83.330 

-83.509 

-83.704 

-83.776 

-84.691 

-84.817 

-85.013 

-85.210 

-85.41'' 

-85.612 

-85.818 

-86.027 

-86.239 

-86.455 

-86.676 

-86.731 

-91.631 

-91.807 

-92.045 

-92.289 

-92.537 

-92.708 

-93.045 

-93.305 

-93.570 

-93.839 

-94.113 

-94.3';* 

-94.671 

-94.957 

-95.246 

-95.5:^ 

-95.834 

-96.133 

-96.436 

-96.741 

-97.051 

-97.364 

-97.680 

-98.001 

-98.325 

-98.654 

-98.800 

-234.254 

-234.495 

-234.936 

-235.388 

-235.852 

-236-330 

-236.823 

-237.333 

-237.861 

-238.409 

-238.982 

-239.584 

-240.219 

-240.893 

-241.613 


-81.794 

-82.533 

-82.533 

-82.534 

-82.498 

-82.435 
-82.351 
-82.245 
-82.120 
-81 .975 

-81.813 
-81.751 
-81 .751 
-81.580 
-81.303 
-81.011 
-80.703 

-80.383 

-80.050 

-79.705 

-79.347 

-78.979 

-78.599 
-78.502 
-78.502 
-78.035 
-77.406 
-76.764 
-76. U2 

-75.44? 

-74.781 

-74.099 

-73.406 

-72.707 

-71.994 

-71.279 

•70.551 

-69.816 

-69.069 

-68.320 

-67.557 

-66.790 

- 66.011 

-65.225 

-64.437 

-63.637 

-62.827 

-62.015 

-61.190 

-60.359 
-59. '89 
-59. '89 
-57.890 
-54.127 
-50.352 
-46.567 

-42.784 

-38.980 

-35.170 

-31.346 

-27.512 

-23.668 

-19.814 

-15.948 

-12.070 

-8.177 


Kp 


INFINITE 
60*495 
60*123 
45*092 
36.058 

30*025 
25.710 
22*467 
19.941 
17.915 

16.254 
15.741 
15.741 
14.857 
13.668 
12.646 
11.758 

10.979 
10.291 
9.677 
9.127 
8.630 

8.180 
8.073 
8.073 
7.752 i 
7.355 
6*990 
6.653 

6.342 

6.053 

5.783 

5.532 

5.296 

5.075 

4.868 

4.672 

4.487 

4.313 

4.147 

3.990 

3.841 

3.699 

3.564 

3.435 

3.311 

3.193 

3.080 

2.972 

2.668 

2.823 

2.823 

2.692 

2*464 

2*246 

2.035 

1*833 
1.638 
1.450 
1 .269 
1.093 

0.924 

0.760 

0.601 

0*447 

0.298 
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ZIRCONIUM DIOXIDE (ZrOa) (IDEAL MOLECULAR GAS) 


gfw = 123. 22 


AH’fo = -81- 794 kcal gfw-1 

Point Group 

H*298. 15 - H*0 = 2. 725 kcal gfw'l 

Vibrational Levels 
o), c m * ^ 

86 3. 8 (1) 

261. 8 (2) 

Bond lengths and angles: 

Zr-O distance s 1. 728 A 
O-Zr-O Angle = 180* 

Moments of inertia: 

1 « 15. 8638 X 10“^^ gcm^ 

Heat of Formation 

Data of Chupka, et al ^ was analyzed 
leaf Capacity and Entropy 

Above basic input data was used. 
Reference 

1. Chupka, W. J. , J. Berkowitz, M. 
(1957). 


AH*f298. 15 ” 457 kcal gfw"^ 

S*298. 15 ~ degIC“^gfw“l 

Multiplicities 
cm*^ 

1003. 9 (1) 


<7=2 

third law method. 


Inghrarn, J. Chem. Phys. 26 , 1207 


ZIRC0NIUH OI0XIoe (Zr02) (IDEAL HeCECULAR GAS> 

SUMMARY 0F uncertainty ESTIMATES 


GFW ■ 123.22 








A o 




T,®JC 



~ 

298.15 

« 1.000 

^ 3.000 

43.000 

4 0.000 4 7 000 

1000 

± 1.000 

44.210 

43.508 

40.702 

2000 

4 1.000 

44.903 

44.052 

41.702 

3000 

k 1 .000 

45.309 

44.408 

4 2.702 

4000 

k 1 .000 

4 5.596 

44 .6/1 

4 3.702 

5000 

k 1.000 

4 5.620 

44*879 

4 4.702 

6000 

± 1.000 

4 6.002 

45.052 

4 5.702 
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table 2 1 I 


OSMIUM trioxide 


IIJKAL MOl-LCULAR GAS 


O3OS 


l iquid Orfrom'siVo^^o'saTo-K^'c"'* 3290'K 

»u 10 ->^70 K, Ga.ruu. O. from S270' to 6000*Ki 
o^. Caiieoua O 11 O 3 . 


T."K 




Him __ . 7 - 

^ Kr«l/„fw 

T am;' 






‘‘>1 Kp 


0 

?98. 1 S 

300 

400 

^00 

60C 
700 
flCO 
900 
] 000 

1100 
1 ?00 
1 300 
1400 
1 300 

1 600 
I 700 
1 flOO 
1 900 
7-oor 

?i or 

«>?oo 

?30r 

2unc 

? 700 
?pno 
?900 
“^000 

3100 
L’CO 
T2 90 
'^90 
3300 

’400 

330C 

’600 

MCC 

TflOC 

1900 

4000 

4 100 
4?00 
4300 

4400 

4300 

4600 
4 700 

4flCC 

4900 

3000 

3100 

3700 

3269.3 f 

5269. 3 ; 
3300 
3400 
3300 

3600 

3700 

3800 

5900 

6000 


0.000 
1 4 • 9V4 
1 S.O^^J 

16.333 
17.494 

18.116 
1 6.3?9 
18.817 
19.023 
19.176 

19.291 

19.380 

19.430 

19.307 

19.333 

19.391 
1 9.622 
19.649 
19,671 
19.691 

. . - 70 ? 
19.722 
. 7 3 3 
1 9 , 746 
1 9 , 736 

1 9. 764 
1 9. 7 72 
1 9. 7 ’9 
19.783 
19.791 

19. 796 

19.801 
I 9,803 
1 9, 80*^ 
19,803 
1 9.809 
19.81 3 

19.816 
19,819 
1 9.827 
19,824 
19.827 

1 9.829 
19.831 
9,833 
19.833 
1 9.036 

19.038 
1 v* , 0 39 
19.04] 

19.842 

19.843 

19.844 
19.843 
1 9.846 
1 9.646 

19.846 

19.847 
I 9.848 

1 9.849 

1 9.830 
19.031 

19.831 

19.832 


0.000 

69.201 

69.294 

73.039 

77,640 

80.808 

83,714 

86.206 

88.437 

90.449 

92.283 

93.963 
93.319 

96.963 
98.310 

99.373 
1 00. 762 
101.884 
1 02 .94 7 
1 - J ,937 

104,918 

103.036 

1 C7>, 712 

10 7 , 3*2 
108,339 

109,134 
1 0 *^ , 8 0 0 
1 1 0. *^99 
111.293 
1 1 1.964 

112.61’ 

113.241 

113.790 
113. 790 
111.631 
114,44? 
113,016 

113,373 
116.118 
1 16.646 

1 1 7 . ; 01 
117.663 

110.133 
118.610 
1 19.097 

119.333 
1 19.999 

1 2: .4 ’4 
120.861 
121 .279 
121 .680 
1 22.009 

1 22.482 
1<. .867 
1 2 J • 1 3 2 
12^.13? 
123.243 
123.616 
1 d: . .981 

1 24.3 30 
■ ‘4.690 
123.013 

123. 374 
125. 708 


infinite 

69.201 

69.201 
69.81 1 
71.007 

72.390 

73.010 

73.207 

76.333 

77,846 

79,076 
80.248 
81 . 363 
82.427 
83.44 1 

84.410 

03.330 

86.226 

87.070 

87,097 

flc .683 
89.444 

90 • 1 76 

90.002 

91 .366 

92.226 
92.86 7 

93,40 7 
94.08 9 
94 ,6 74 

9*',242 
93. 793 

96 .2 79 

96.279 

96.331 
96.837 

97. 367 

97,863 

08 . 33 1 
9 e . 82 t 
99 , 2<50 
99 . 74 3 

100.106 
100,619 
101 ,044 
101,439 
lOl .866 

1 02,263 
1 0 2 .636 

103.040 
103.416 
101.706 

104.148 
1 04,305 
104,730 
104,730 
1 04,035 
103.199 
103. 3^ T 

103.070 
106.197 
106.310 
106,833 
107.14 7 


“3.331 
0.000 
0.028 
1*611 
3. 31 7 

3.099 

6.933 

8.801 

10.693 

12.604 

14.327 
16.461 
18.4d3 
20.331 
22. 304 

24.261 

26.222 

28.183 

30.131 

32.119 

34.089 

36.061 

38.033 

40.008 

41,983 

43.939 

43.933 

47.91 3 
49.891 
51 .070 

53.849 

55.829 

5 7.612 
3 7.612 
37,810 
- • . 90 
61.771 

6 1. 733 
63 .7 33 
67.717 
69.699 
71.601 

73.664 

73.647 

77.630 

79.614 

01.39/ 

81,381 
83.365 
07.549 
89,333 
. 31 7 

93,302 
93.486 
96.876 
96 .876 
97.471 
99.433 
101 .440 

103.425 
103.410 
107.393 
109.300 
1 11 . 165 


-66.009 

-67.800 

-67.003 

-67.883 

-67.883 

-67.833 

-67.811 

-67.775 

-67,748 

-67.731 

-67. 728 
-67. 736 
-67. 739 
-67.793 
-67,01.3 

-67. 0-^7 
-67.983 
-68 . 078 
-68.1 83 
-68. 307 

- 68 • 41.6 
-68.399 
-68 . 768 
-68.932 

-69, 15^ 

-69. 368 
-69,602 
-69,848 
-70. 1 12 
-70.309 

-70.683 

-'0.99? 

- 71 *282 
-78 . 849 
-78.08' 

-79,260 

- 79.640 

-80.023 
-80.4 1 u 
-80.010 
-01.211 
-81.617 

-82.020 

-82.41.3 

-02 . 86f> 

-8 3.2 9*. 
-8 3. 728 

-flfa . 16F 
-8*. . .s I ' 
-83.07? 
-83.3 38 
-06.013 

-86. 503 
-87.011 
-8 7. 3 74 
-263. 773 
-263.930 
-264,437 
-?63.0l 2 

-263.601 

-266.234 

-266.916 

-267,633 

-268.463 


-66,003 
-64.190 
-64. 167 

-62.940 

-61.703 

-60.469 

-39.242 

-38.020 

-56.802 

-35.387 

-34.372 
-33.1 38 
-31.943 
-50.726 
-49.304 

-48.281 

-47.032 

-43,818 

-44.577 

-43.330 

-42.070 

-40.818 

-19.353 

-38.279 

-37,001 

-13.704 
-34.410 
-13, 100 
-31.783 
-30.438 

-29.1 17 
-27. 776 
-26,333 
-26.335 
-26. 393 
-24 , 799 
“23.187 

-21,371 

- 19 , 91.1 

-10.299 

-16,631 

-14,990 

-13,319 
-11.631 
-9,91. 3 
-8.242 
-6.33? 

-4,003 
-1.072 
-1 .332 
0. .20 
Cl . i oO 

3.93 2 

3.733 

6.979 
6.979 
0 . 544 
1 3.697 
18.696 

24.020 
29.208 
34.1, 1 1 
39.621 
44.844 


INF INF Tf 
47.050 
46.743 
34.387 
26.969 

22.025 

18.493 

15.830 

13.793 

12.:48 

10.802 

9.681 

0.732 

7.910 

7.212 

6.393 

6.049 

3.563 

5.127 

4.735 

I 

4.379 I 
4.055 ! 

3.738 ; 

3.486 ' 

3.234 

I 

3.001 I 
2.7B5 I 
2.583 I 
2.395 
2.219 I 

2.053 * 

1.097 ; 

1.764 i 
1.764 j 
1.748 , 

1.594 j 
1.440 1 

1.309 j 
1.178 I 
1.052 I 
0.933 ' 

0.819 ; 

I 

0.7ld i 

0 . 60 5 

0.503 I 

0.409 ; 

0.317 i 

i 

0.228 

0.143 

0.061 

-0.019 

-0.095 

-0.169 

-0.241 

-0.289 

-0.209 

-0.332 

-0.354 

-0.743 

-0.947 
- 1.120 
-1 .297 
-1 .468 
-1 .633 
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OSMIUM TRIOXIDE (0a03) 


(IDEAL MOLECULAR GAS) 


g/w = 238. 2 


Ah/o = -66. 809 kc»l gfW* AHf298. 15 “ glW* 

Point Croup * Djj^ ®298. 15 ” **** K'^gfw”^ 

**298. 15"**0 ’ gfW'* 

Vibrational JLevela and Multiplicities 

u), cm“^ U), cm"^ 

764 (1) 811 (2) 

291 (1) 292 (2) 

Bond lengths and angles; 

Os-O distance = 185 A 
O-Oa-O angle = 120° 

Product of moments of inertia: 

” 5. 072420 x 10*^^ ^g^cm a = 6 
Heat of Formation 

Based on Grimley et al ^ mass- spectrometric data. 

Heat Capacity and Entropy 

Spectroscopic data estimated. See volume 1. this study (section IVB18. 4. 3) 
for details. 

Reference 

!• Grimley, R. T. , R. P. Burns, and M, G. Inghram, J. Chem. Phys. 

33, 308 (1960). 
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TABIX 212 


TITANIUM SeSQUIOXlDC 


CONDENSED PHASE 


R«f»r«nc« SUU for ColcuUtlns AH/. AFf. and LogKp: Solid Ti from 0* to 1950*K, 
l^lquld Ti from 1950* to 35S0*K. Gavcoua Tl from 3S50’ to 6000* K; Caaooua O^i 
Solid Ti203 from 0* to 2093*K, Liquid Ti203 from 2093* to 6000*K. 


— cal/*'* 

^ -(Fl- - Hj^WT 


0 

298«16 

300 

400 

473 

473 

300 


0.000 

23.267 
23.366 
28.7ia 

_^32.623 

30.736- 

31.250 

32.627 

33.508 

34.126 

34,591 

34.960 

35.267 
35.417 
35.417 
35.532 
35.766 
35.980 
36.177 


i6.537 
36. 705 
36.867 
36-947 
36.947 
3 7.025 

3 7.16P^ 
3 7 . *>Cu 
37.500 
>7.500 
3 7.500 
3 7.5 00 
37.500 


0.000 

18.830 

18.974 

26.429 

.31.562 

32.016“ 

33.737 


INFINITE 

16.830 

16.830 
19.81 1 
_21 .231 
21.231 
21 .860 


-3.435 

0.000 

0.043 

2.647 

_4.e86 

5.l0l“ 

5.938 


-361.423 
-363.400 
-363.398 
-363.099 
r 362.600 
-362.385 
-362.203 


566 

24.33 7 

9.138 

-361 .483 

666 

26.884 

12.44 / 

-360. 727 

183 

29. 395 

15.831 

-359.960 

231 

31 .822 

19.268 

-359.194 

895 

34.149 

22.746 

-358.438 

242 

36. 371 

26.258 

-357.693 

966 

37.549 

28.201 

-357.287 

966 

37.549 

28.201 

-359.187 

322 

38.491 

29.790 

-350.857 

1 76 

40.512 

33.363 

-358.1 33 

834 

42.441 

36.950 

-357.422 

323 

44.284 

40.558 

-356.719 

^64 

4 6. 046 

44.185 

-356.030 

874 

47,730 

47.830 

-355.351 

,96 7 

49.360 

51 .493 

-354.684 

956 

50.918 

55. 1 71 

-354.029 

,915 

51 .6/5 

57.01 7 

-353.704 

,915 

51 .675 

57.017 

-361 • 1 04 

,851 

52.41 0 

56.666 

- 160. 734 

.5’7 

53.764 

62. 6_ 

-360.035 

.348 

53.764' 

93.3] 6 

-329.035 

. 4 74 

5 i.91 2 

9 1,5 78 

-328.981 

,218 

55,9/8 

97. 320 

-328. 197 

,865 

57,936 

101 .078 

-327.421 

.461 

59.803 

104.828 

-326.654 

,012 

61.5-80 

108.578 

- 325.096 

,483 

63.279 

1 12. .328 

-325.144 

,09p 

64.906 

116.078 

-324.401 

,262 

66.466 

1 1 *■ '3 

- 32 3 • 66** 

,5 7h 

6 /.96‘. 

1 2 .3 . 5 / 6 

-322.936 

,649 

69.406 

127.328 

-322.214 

,C76 

70.795 

131.070 

-321.500 

, .’69 

72.135 

1 14.826 

-320. 79. 

, 42 ^ 

73,430 

136,578 

-320.090 

,542 

74.601 

142.320 

-319.395 

,6 30 

75.893 

1 46.076 

-31 8. 706 

,161 

76.464 

147.953 

-310. 363 

,161 

76.464 

147.953 

-52 1.277 

,666 

77,06 7 

149.620 

-522.947 

,7)1 

7P,20t> 

153.578 

-522. 309 

, 71 ? 

'Q. 31 1 

157.32H 

-521.704 

. 6hH 

60. 36 5 

161 .0/8 

-521 . 1 34 

, 6 ^ 

H 1 . 4 3 0 

164.026 

-520. *'9? 

,56 3 

82.446 

168.576 

-520.082 

.467 

6 3 , 4 3 ri 

1 72. 326 

-519.602 

, 34 w 

84.401 

17u '78 

-519.1 50 

,211 

P 5 . 34 i 

1 79. >26 

-518.726 

,05/. 

86.259 

183.5 78 

-518.313 

,6 76 

« 7, 1 54 

187.326 

-51 7,965 

, 6 H •• 

Hfi.030 

i91 .076 

-51 7.626 

, 4 7/4 

00.885 

1 94.626 

-517.1*'' 

, 4 7 

f.9. 72 1 

190.578 

-51 7.010 

,0c- 5 

90.5 >9 

202. 32 8 

-516.774 

. 74 7 

91 . 340 

^^06.076 

-516.549 

,4 75 

92.12*. 

209.626 

- 1 6. 1*' 1 

. 1 •■*0 

9/, 6*. 2 

21 1.5/6 

- ‘ i 6 . 1 90 

, Hs. I 

•. < . 6 4 

2 17. l.’H 

-5 16.06*. 

, 5 / ^ 

■94, 3M 3 

221.0/6 

-515.9 76 

.25*' 

95.10 r 

224.6 "6 

-515.912 

,91 M 

95.61 7 

226.5/0 

-51 5.9 >6 


W.500 

^7.500 

37.590 


136.5/) 
i i 7 . .M 2 
13 7. A42 


2 3 7. » ' 5 
M .O ’8 


31 li^cgmbcr 1963 


-361.423 

-342.726 

-342.598 

-335.698 

r330.757__ 

-330.757 

-328.934 

-322.348 

-315.865 

-309.532 

-303.272 

-297.098 

291.002 

-287.676 

-287.676 

-284.897 

-278.765 

-272.686 

-266.656 

-260.676 

-254.738 

-248.840 

-242.975 

-240.056 

-240.056 

-236.958 

-231 .220 
-231.220 
-230.891 
-226.240 
-221.625 
-217,040 
-212.489 

-207.963 
-■*03.475 
99.006 
»4 . 566 
- ?0.154 

-185.762 

-181.398 

-177,049 

-172.723 

-166.420 

-166.276 
-166.276 
-161 .251 
-151.212 
-141.186 
-131.184 
-121.190 

-1 I l.2'*9 
- 101 ,' 0 
-91.283 
-81 . ’34 
-71,409 

-61.465 
-51.555 
-4 1 ,634 
-31.721 
-21.820 

-11 .923 
-2.031 
7.at>R 
I 7. 7<,H 
27.647 

>7.524 

47.422 

57.312 

b7,2H 

77.108 


INFINITE 

251.213 

249.570 

183.408 
_152.819 

152.819 

143.770 

117.409 
98.619 
84.556 
73.641 
64.926 

57.814 

54.432 

54.432 

51.884 

46.862 

42.566 

38.850 

35.605 

32.747 

30.212 

27.947 

26.903 

26.903 

^5.892 

24.143 

24.143 
24.028 
22.474 
21 ,058 
19.763 
18.575 


13.096 
12.386 
1 1.725 
11.102 
10.516 


0.511 
0.085 
-0.324 
-0.718 
- 1 .099 

-1 .464 
-1.818 
-2.159 
-2.490 
-2.809 
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TITANIUM SESQUIOXIDE (Ti^03) (CONDENSED PHASE) gfw -- 143. 80 

^^^f298. 15 ~ ”363,4 kcal gfw ^ ^298 15 = 1 0-83 cal degK“ ^gfw” ^ 

Tt ^ 473 OK AH^= 0. 215 kcal gfw“^ 

Tm = 209 30K 31. 0 kcal gfw‘‘ 

”298. 15 3-«5k«lgfw-‘ 

Cp=7. 3lf 53. 52xl0'^Tcal degK-^gfw“^ 298. 1 5°K < T < 47 3®K 

Cp =-34. 68» 1. 30xl0’^T-l0. 20xl0^T”^cal degK“*gfw’* 473"^K^ T< 2093°K 
= 37. 5 cal degK-^gtw’^ 2093“K < T^ 6000°K 

Structure 

Ti^O-j has hexagonal structure with narrow homogeneity range according 
to Andersson et al. * 


Heat of Formation 

Combustion calorimetric data of Mah et al^ used. 

Heat Capacity and Entropy 

Low-temperature data by Shomate. ^ High-temperatur t- data by Naylor^ 
to 1750°K extrapolated to melting point. Data at higher temperatures estimated. 

Melting and Vaporization 

Melting point from Brauer and Littke. ^ Heat of fusion estimated. 
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2. Mah. A. et^a^, U. S, Bur, Mines, Rept. 5U6(19S7). 
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titanium SESQl.TlnXLDE (Ti .0 ^) (C0NDrN«.tO PHASE! - 14^.80 

‘'lUMMAR' 0F uncertainty tSTlMATtS 


T. 


r 

% 


C«1 

-ih 

T - ”:>;8 

T 

2 

Hj - H 

798. I 

i- 

C.400 

* 

0.090 

i 

0.090 

t 

0.000 

«.71 

i- 

0.400 

* 

0.275 


0.177 

k 

0.070 
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t 

1 .000 

* 

0. ISO 

± 

0.127 

k 

0.120 

1 000 


1 .000 

t 

1.129 

± 

0.46/ 

t 

0.647 

7000 


1 .oon 

t 

1 .822 

i 

0.999 

-t 

1.647 

2091 

t 

1 .oon 

t 

1 .668 

> 

1 .0 t6 

k 

1 • 740 
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5.000 

t 
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k 

1 .036 

k 
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IOCO 

#■ 

‘ ,000 

+ 
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■k 

2. 73/ 

± 

I 4 S .275 
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t 

S.OOO 

t 

8.97ft 


4.110 

k 
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♦ 

5 .OOf! 
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5.189 

k 

24.275 

6000 

i 

‘ .000 

* 10.956 

k 
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k 
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TABLE 2i3 


TUNGSTEN TRIOXIDE CONDENSED PHASE 

Reference State for Calculating AF^. and Log Kp: Solid W: Caseoue 

Solid WOj from 0* to 1745*K, Liquid WO 3 from 1745* to 2000*K. 


O3W 




ral/'^K 


Kcal/gfv^ 




t • 

Cl 

00^ 

0 0 

. 0 



T.*K 

s 


-<Ft - H^)/T 

Mt-«298 

AHf 

af/ 

Log Kp 

0 

0.000 

0.000 

INFINITE 

-2.962 

-200.115 

-200.115 

INFINITE 

298 •It* 

17*600 

18.150 

18.150 

0.000 

-201.460 

-182.620 

133.858 

300 

1 7.650 

18.259 

18.150 

0.033 

-201.458 

-182.503 

132.947 

4 OO 

19.849 

23.663 

18.870 

1.917 

-201.226 

-176.205 

96.269 

500 

21 *1 82 

28.249 

20.299 

3.975 

-200.866 

-169.999 

74.303 

600 

22.060 

32.193 

21.961 

6.139 

-200 . 443 

-163.852 

59.680 

700 

22.7?4 

35.645 

23.674 

8.380 

-199.982 

-157.803 

49.266 

800 

23.273 

38.716 

25.366 

10.680 

-199.501 

-151.797 

41 .467 

900 

23.756 

41 .486 

27.005 

13.033 

-19B.996 

-145.130 

35.241 

1000 

24.198 

44.012 

28.582 

15.430 

-198.473 

-139.986 

30.592 

1050 

24.408 

45.197, 

29.344 

16.646 

_-l 98. 207. 

-137.085. 

28.532 

1050 

23.678 

45.587 

29.344 

17.056 

-197.797 

-137.085' 

28.532 

1 100 

23.815 

46.691 

30.106 

18.243 

-197.559 

-134.200 

26*662 

I 200 

24.090 

48.775 

31 .577 

20.638 

-197.082 

-126.436 

23.391 

1 300 

24.365 

50.714 

32.975 

23*061 

-196.603 

-122.764 

20.638 

UOO 

24.640 

52.530 

34. 308 

25.511 

-196. 122 

-117,107 

16.280 

1500 

24.91 5 

54.239 

35.580 

27.989 

-195.6'*7 

-111.479 

16.242 

1600 

25.1 90 

55.856 

36. 797 

30.494 

-195.150 

-105.883 

14.462 

1 700 

25.465 

57,391 

37.963 

33.027 

-194.659 

-100.320 

12.896 

1 74 

25.589 

.58.058 

38.473 

_ 34.1 76_ 

_-194.440. 

-97.83? 

12.252 

1 lUS 

31.500 

68.115 

38.473 

51 . 726 

-1 76.890 

-97,833 

12.252 

1 800 

^ I . ^00 

69,093 

39 , 394 

53.458 

-1 76.294 

-95.344 

1 1.576 

1900 

31.500 

70.795 

41.001 

56.608 

-1 75.2 32 

-90.871 

10.452 

2000 

31.500 

72.411 

42.532 

59. 758 

-1 74. 1 95 

-86.458 

9*447 


M»y t9»Z 
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TUNGSTEN TRIOXIDE (WO3) (CONDENSED PHASE) 


gfw = 231. 86 


AH^298. 15 ■ gfW* S^98. 15 * »8. 15 cal degK"* glw-l 

Tj = 1050 °K AH^ = 0. 410 Kcal gfw'* 

Tj^ = 1745 °K Kcal glw“* 

“ 298 . 15 - ”®0 2- 962 Kcal gfw-‘ 

Cp = 21. 26 + 3. 38 X 10*^ T - 4. 42 x lO^T"^ cal deg K'^ gfw'l 

400 °K ^ T < 10 50 °K 

Cp = 20. 79 + 2.75 x 10‘^T cal deg K'^gfw'^ 1050*K < T < 1745*K 

Cp = 31. 5 cal deg K”^ gfw"' 1745°K f T v 2000“K 

Structure 

The low temperature form is monoclimc, high temperature form is 
tetragonal. 

Heat of Formation 

Combustion calorimetry value by Mah^ was used. 

Heat Capacity and Entropy^ 

Low temperature data by King et al^ temperature data also based 

on King et al. ^ Details of analysis given by Barriault et al . ^ 

Melting and Vaporization 

Heat of melting from King et al . ^ 
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TABLE 214 


TUNGSTEN TRIOXLDE IDEAL MOLECULAR GAS O3W 


Reference Sute for CalculatinK AH/, AFf, and Log K Solid W from 0* to 3650*K, 
Liquid W from 3650* to S«91*K, Gaaeoua W from 58? I' to 6000’K; Gaaeoua O2; 

Caaeoua WOj. 










T.'Tt 



T " 

— ; — 

“t - ”298 

amJ 


Lof Up 

0 

0.000 

0.000 

infini te 

-3.296 

-64,089 

-64.089 

INFINITE 

?9B • 15 
300 

14.936 

68.626 

68.626 

0.000 

-65.100 

-61 . 309 

44.939 

I4.9f2 

68. 718 

68.626 

0.028 

-65.103 

-61.266 

44.645 

4 OO 

16.514 

73.253 

69.234 

1 .606 

-65.1 75 

-59.990 

32.776 

500 

17.487 

77.051 

70.428 

3. 31 1 

-65.1 70 

-58.703 

25.658 

600 

16.113 

80.299 

71.809 

5.094 

-65.128 

-57.401 

20.907 

700 

18.530 

83.124 

73,228 

6.927 

-65.075 

-56.131 

17,524 

800 

16.818 

85.618 

74.624 

0.795 

-65.026 

-54.B43 

14.982 

900 

19.025 

87.847 

75.972 

10.688 

-64.981 

-53.591 

13.013 

1000 

19.177 

89.860 

77.262 

12.598 

-64.945 

-52.306 

11.431 

noo 

19.292 

91.693 

78.492 

14.522 

-64.920 

-51.065 

10.145 

1?00 

19.381 

93.376 

79.663 

16.456 

-64.904 

-49.782 

9.066 

1 300 

1 9.452 

94.930 

80.770 

18.398 

-64.906 

-48.549 

8.161 

1400 

19.508 

96.3 74 

81.841 

20.346 

-64.927 

-47.292 

7.382 

1500 

19.554 

97. 721 

82.055 

22.299 

-64.967 

-46.031 

6.706 

1600 

19.592 

96.985 

83.824 

24.256 

-65.028 

-44.766 

6.115 

1 700 

19.623 

100.17 J 

04.752 

26.21 7 

-65. . j9 

-43.500 

5.592 

1 800 

19.649 

101 .296 

85.640 

28.181 

-65. 2i 1 

-42.226 

5.127 

1900 

19.672 

102.359 

86.492 

30.147 

-65.333 

-40.943 

4.709 

2000 

1 9.691 

103.368 

07. 31 1 

32.115 

-65.478 

-39.656 

4.333 

2100 

19.708 

104 .329 

80.099 

34.085 

-65.644 

-38.359 

3.992 

2200 

19. /?? 

105.247 

08 .85 7 

36.057 

-65.832 

-37.055 

3.681 

2300 

1 9.735 

106.124 

89,589 

38.029 

-66.041 

-35.742 

3.396 

2400 

19.746 

1 06.964 

90.296 

4 O.OO 4 

-66.271 

-34.426 

3.135 

2500 

19.756 

107. 770 

90.979 

41 .979 

-66.525 

-33.093 

2.893 

2600 

19.765 

108. SA** 

91 .630 

43.955 

-66.800 

-31.749 

2.669 

2700 

19. 772 

109.291 

92.279 

45.932 

-67.098 

-30.391 

2.460 

2800 

19.779 

110.010 

92.900 

4^ . 909 

-67.416 

-29.02H 

2.266 

2900 

19,786 

110.705 

93.502 

49.887 

-67. 757 

-27.652 

2.084 

300C 

19. 791 

1 11 .37*^ 

94.08 7 

51 .866 

-68.1 19 

-26.265 

1 .913 

3100 

19.797 

1 12.024 

94.655 

53.B46 

-68.502 

-24,856 

1.752 

3200 

19.801 

112.653 

95,208 

55.826 

-68.908 

-23,450 

1.601 

3300 

1 9. 605 

1 1 3.262 

95,745 

57,806 

-69. 332 

-22.014 

1 .450 

3 4 00 

19.809 

1 13.854 

96.269 

59.787 

-69.780 

-20,577 

1.323 

3500 

19.813 

1 14.428 

96.780 

61 .760 

-70.24' 

-19.117 

1.194 I 

3600 

1 9 , fl 1 f, 

114. 986 

9 7.2 78 

63. 749 

- 70. 73r 

-1 7,647 

1.071 

3650 

19.818 

115.258 

97,521 

64 • 740 

-70.98? 

-16.90‘» 

1.012 j 

3650 

J 9, a 1 R 

1 1 5 .r'.R 

97.521 

6-- . 740 

-79.302 

-16.907 

1.012 

3700 

19.819 

115.529 

97.764 

65.731 

-79.626 

-16.058 

0.948 

3800 

1 9.82? 

1 16.058 

9 8.239 

6 7.71 3 

-80. ?l 

-14.334 

0.B24 

3900 

19.824 

116.573 

98. 70? 

69.695 

-80.623 

-12.589 

0.705 

4000 

19.827 

1 1 7.07S 

59.155 

71 .678 

-81 .128 

-10.836 

0.592 

4100 

19.829 

1 1 7,564 

99.598 

73.661 

-81 .639 

-9.077 

0.484 

4200 

19.831 

118.042 

100.032 

75 • 644 

-82 . 1 56 

-7.300 

0.380 

4300 

19.831 

1 18.509 

100.4««6 

7 7.627 

-02.677 

-5.504 

0.280 

4400 

1 9.a'»‘' 

118.96*’ 

100.871 

79.610 

-83.207 

-3.696 

0.184 

4500 

1 V.8 

119.410 

101.2 79 

81 .594 

-83.737 

-1.899 

0.092 

4600 

19.838 

1 1 9.846 

lOl .677 

83.578 

-84.279 

-0.060 

0.003 

4700 

19.839 

120,273 

102,069 

85.561 

— 6 4 . 8 1 8 

1.772 

-0.082 

4 800 

19.841 

120.691 

102.452 

87.545 

-6’>. 384 

3.634 

-0.165 

4 900 

1 9.842 

121.100 

102.829 

89.530 

-85.949 

5 40 3 

-0.245 

5000 

19.843 

121 .501 

103.19ft 

91.514 

-06.526 

' ^65 

-0.322 

5100 

19.844 

121.694 

103.561 

9 J.498 

-87.117 

9.241 

-0.396 

5200 

19.845 

1 22.279 

103.91 7 

95.48 3 

-87.722 

1 1 .149 

-0.469 

5 300 

1 9.846 

122.657 

104.26 7 

97,467 

-Bft. 348 

13.054 

-0.538 

5400 

19.847 

1 23.028 

104.61 1 

99.45? 

-ftft.995 

14.9B0 

-0.606 

5500 

19.848 

123.392 

1 04,949 

lOl .437 

-09.667 

16.918 

-0.672 

5600 

5700 

19.849 

123.750 

105.282 

103.422 

-90 . 373 

10.855 

-0.73i 

19.850 

124. LOl 

105,609 

105.407 

-91 . 116 

20.822 

-0.790 

5600 

19.851 

124.447 

1 05,931 

107. 392 

-91 .907 

22.800 

-0.859 

5891 

5891 

590C 

6000 

19.852 

■ .4. 75 5 

106.219 

109.198 

-92.677 

24.613 

-0.913 

19.852 

124.755 

106.219 

109.198 

-284.942 

24.613 

-0.913 

19.057 

1 24. 786 

106.247 

109.377 

-2B5.015 

2 5.08 7 

-0.929 

19.852 

125. 120 

106.599 

111. 36? 

-285.900 

30.360 

-1.106 
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TUNGSTEN TRIOXIDE (WO 3 ) 


(IDEAL MOLECULAR GAS) 


gfw - 231. 86 


= 64. 089 Kcal gfw'* 

Point Group ^3h 

"298. 15 * ”0^ 8 ^'^ 


'”f298 15 '65. 100 Kcal gfw'* 

^298.15 68 . 626 cal clfgK'* gfw-* 


Vibrational levels and multiplicities 


u), cm 
780 (1) 
298 (1) 


oj, c m 
791 (2) 
314 (2) 


Bond Lengths and angles 
W - O distance = 1 . 78 A 
O - W - O Angle 120 deg 

Product of moments of inertia 024423 x g^ cm^ 


Heat of Formation 

Based on work of DeMaria et ^ 

Heat Capacity and Entropy 

Calculated using above estimated spectroscopic constants Details are 
given by Barriault et al . ^ 

References 

1. DeMaria. G. et J. Chem Phys. ^,1373 (1960) 

2. Barriault. R e£ al . ASD-TR-61 - 260 (May 1 962). Pt. I. 
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TABLE 215 


OSMIUM TETROXIDE 


U^KAL MOLECULAR GAS 




040 S 


T.-K 


0 

298. IS 
300 
400 

soo 

600 

700 

800 

900 

lOCO 

1100 

1200 

1300 

1400 

1500 

1 600 
1 700 
1800 
1900 
2000 

2100 

2200 

2300 

2400 

2500 

2600 

2700 

2P00 

2900 

300C 

310C 
■*20C 
3290 
3290 
3 300 
340C 
3500 

3600 

»700 

3800 

3 90C 
4000 

4100 

4700 

4300 

44 OO 

4 500 

4600 
4 700 
4800 
4900 
5000 

5100 
5200 
5269.57 
5269.5 1 

5300 

5400 

5500 

5600 

5700 

5800 

5900 

6000 









p 

4 “<F 

T - ”298^'''*^ 

rr 0 

”t “ ”79R 

Kcal/jifw. 

\ hJ' 


Lo* Kp 

0.000 

0.000 

IMF INI Tt 

-3.689 

-78.029 

^7a,B29 

INFINITE 

17*727 

17.776 

1 9.994 
21.530 

70.800 

70.800 

0.000 

-80.500 

-70.061 

51 .353 

70.909 

70.800 

0.033 

-80.504 

-69.996 

50.989 

76.345 

76.345 

1.928 

-80.629 

-66.469 

36.315 

80.983 

72.965 

4.000 

-80.616 

-62.920 

27.504 

22.581 

85.C07 

74.644 

6.218 

-00.539 

-59.396 

21 .634 

23.312 

88.546 

76. 383 

0.514 

-80.423 

-55,882 

17.446 

23*832 

91 ,695 

78.103 

10.873 

-80.295 

-52.385 

14.310 

24.211 

94.525 

79.774 

13.276 

-80.164 

-48.905 

1 1 *875 

24.495 

97.091 

81.379 

15.712 

-80.036 

-45.436 

9.930 

24.71? 

99.436 

82.91 5 

18.173 

-79.915 

-41.981 

6.341 

24.881 

iOl .594 

84. 383 

20.653 

-79.801 

-38.538 

7.018 

25.015 

103.591 

85.785 

23.148 

-79.699 

-35.107 

5.902 

25.123 

105.449 

87.124 

25.655 

-79.608 

-31.679 

4.945 

25.211 

107.185 

88.404 

28.1 7? 

-79.527 

-28.258 

4.117 

25.284 

108.815 

89.629 

30.697 

- 79,46? 

-24.844 

3.393 

25.345 

1.0.350 

90.804 

33.228 

- 79.411 

-21 .432 

2.755 

25.397 

1 . i a 0 00 

91 .930 

35. 765 

-79.3 5 

- 18.022 

2.166 

25.441 

Ui. 1 74 

93.012 

38.307 

-79. -jSj 

-14.614 

1 .681 

25.4 78 

1 14.480 

94.05 3 

40.053 

-79 . 3h7 

-11.204 

1 .224 

25.511 

115.724 

95.056 

43.403 

-79.359 

-7.790 

0.812 

25.5 39 

116.911 

96.0? 3 

45.955 

- 79. 387 

-4.389 

0.436 

25. '64 

1 1 .'.047 

96.956 

48.51 1 

-79.430 

-0.982 

0.093 

25.58*^ 

119.136 

97.85 7 

51 .068 

- 79.493 

2.432 

-0.221 

2 '-•,605 

.20.180 

98.729 

53.628 

-79.573 

5.845 

-0.511 

25.62? 

121.185 

99.574 

56.189 

-79.670 

9,268 

-0.779 

25.637 

122.15? 

100.392 

58.752 

-79.785 

12,688 

-1.027 

25.651 

123. 0H5 

101,186 

61 • 316 

-79.916 

16.117 

-1.258 

25.663 

123.985 

101 .95 7 

63<882 

-60.066 

19.547 

-1.473 

25,6/4 

124.855 

102.70b 

66.449 

-80.231 

22.985 

-1 .674 

25.6H4 

125.697 

103.434 

69.01 7 

-80.415 

26.434 

-1 .864 

2 5 , b X 

126.51 < 

104.143 

71 .586 

-80.616 

29.870 

-2.040 

25, 701 

127.225 

104.763 

73.898 

-80.01 1 

32.992 

-2.191 

25. 701 

127.225 

104,76 3 

73.898 

-88.378 

32.992 

-2.191 

25. 702 

127.304 

1 04,832 

74. 155 

-88.403 

33.363 

-2.209 

25. 709 

12K.071 

105.505 

76.726 

-88.672 

37.055 

-2.382 

25.716 

1 28.81 7 

1 06.160 

79.297 

- 88.94 - 

40.761 

-2.545 

25. 723 

129.541 

1 06.000 

61 .069 

-89.23^ 

44 ,467 

-2 .699 

25. 729 

130.246 

107.424 

84.442 

-89.522 

48.106 

-2.846 

25 . 73<, 

1 !0.9 <2 

108.033 

8 7.01 5> 

-09.819 

51,919 

-2.906 

25.739 

1 31 .601 

108,629 

89.589 

-90. 1 23 

55.649 

-3.118 

25.744 

132.252 

1 09,21 2 

92.163 

-90.433 

59,392 

-3.245 

25. 748 

1 

109,781 

94. 7 » 7 

-90.751 

63.143 

-3.366 

25.752 

1 33,509 

1 10.339 

97.313 

-91.075 

66.903 

-3.401 

25 . 756 

M4 . ] 1 ‘ 

110.885 

99,800 

-91 .406 

70.671 

-3.592 

25.760 

I 34 . 707 

1 1 1 .420 

1 02.464 

-91 . 746 

74.44? 

-3.697 

25.763 

13"'. 286 

111.944 

1 05-040 

-92.09? 

78.220 

-3.799 

25 . 766 

1 35,852 

112.457 

107.616 

-92.440 

82.023 

-3.897 

25. 769 

136. 4 O 6 

112.961 

1 10. 193 

-92.813 

65.819 

-3.990 

25.771 

1 36.949 

1 1 i .455 

112.770 

-93.190 

09,626 

-4 .081 

25. 7 74 

1 3 7.4.80 

1 1 3.940 

1 15. 34 7 

. .9 

93.440 

-4,167 

25 . 7 76 

138.001 

114.416 

117.925 

-93. 9B3 

97,265 

-4,25« 

25.779 

13 8.511 

114.883 

: -'.50 3 

-94.405 

10 1 .096 

-4.332 

25,781 

1 39,012 

1 1 5 . 34 3 

U .081 

-94.847 

104.937 

-4,410 

25.782 

1 39 , 356 

1 15,659 

124.806 

-95.1 70 

107.623 

-4.463 

25.782 

1 3 9.356 

1 15,659 

124.086 

-271 .571 

107,620 

-4.463 

25.783 

139.501 

115.794 

125.659 

-271, 700 

109.007 

-4.528 

25.785 

1 39.985 

116.2'/ 

128.237 

-272. 106 

117.021 

-4.736 

25.786 

140.458 

116.673 

1 30.016 

-272.700 

124.070 

-4.930 

25 . 788 

0 

■c 

117.102 

1 33.394 

-273.261 

131.460 

-5.130 

25.790 

14 1.379 

117.524 

1 35.973 

-273.874 

130. 70S 

-5.310 

25.791 

'41 .828 

1 1 7.939 

1 38.552 

-274.554 

145,961 

-5.500 

25.793 

: •♦2.269 

1 18.340 

141.131 

-275.310 

1S1.228 

-5.676 

25.794 

142. 702 

118.750 

143.71 1 

-276.155 

lbO.514 

-5.046 
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OSMIUM TETROXIDE (OsO^) (IDEAL MOLECULAR GAS) gfw = 254. 2 
Ah/o = -78. 829 kcal gfw-» ^”f298 15 " 

Point Group = Tj ®298 15 ' K"*gfw** 

H °98 jg-H® = 3. 689 kcal gfw'* 

Vibrational Levels and Multiplicitiea 
CO, cm” ^ CO, cm” ^ 

971 (1) 959.7 (3) 

328 (2) 328 (3) 

Bond lengths and angles: 

Os-O distance = 185 X 
Product of momenta of inertia: 

ly^Iglc = 1.4250638 x 10-'*5g^cm^ CT ^ 12 

Heat of Formation 

Coughlin's value adopted. ^ 

Heat Capacity and Entropy 

Determined from spectroscopic data. See volume 1, this study (section 
IVB18. 4. 4) for details. 

Reference 

1. Coughlin, J. P. , U S. Bur. Mines, Bull. 542 (1954). 
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TABLE Z16 


TANTALUM PENTOXIDE 


CONDENSED PHASE 


R«fer«nce Suu for Calculating and Log K • Solid Ta from 0* to J270*K, 

Liquid Ta from 3270* to 570<)*K, Gaaeoua Ta from 5706* lo 6000' K. Gaacoua O,; 
Solid Ta20^ from 0* to 2150*K. Liquid Ta^O^ from 21 SO* to 6000*K. 


05132 


T.*K 


0 

0.000 

290.15 

32.296 

300 

32.390 

400 

35.924 

500 

37.91? 

600 

39.292 

700 

40.304 

000 

41.323 

900 

42.173 

1000 

42.968 

IlOO 

43.727 

1200 

44.461 

1300 

45.178 

1400 

45.882 

1500 

46.577 

1600 

47.265 

1 700 

4 7.9ii7 

1000 

48.625 

1900 

49.300 

2000 

49.972 

2100 

50.642 

2150 

50.976 

2150 

56.000 

2200 

56.000 

2 300 

56.000 

2400 

56.000 

2500 

56.000 

2600 

56.000 

2700 

56.000 

2800 

56.000 

2900 

56.000 

3000 

56.OO0 

3100 

56.000 

3200 

56.000 

3270 

56.000 

3270 

56.000 

3300 

56.000 

3400 

56.000 

3500 

56.000 

3600 

56.000 

3700 

56.000 

3800 

56.000 

3900 

56.000 

4000 

56.000 

4100 

56.000 

4200 

56.000 

4300 

56.000 

4400 

56.000 

4500 

56.000 

4600 

56.000 

4700 

56.000 

4800 

56.000 

4900 

56.000 

5000 

56.000 

5100 

56.000 

5200 

56.000 

5300 

56.000 

5400 

56.000 

5500 

56.000 

5600 

5^.000 

5700 

56.000 

5706.65 

56.000 

5706.65 

56.000 

5600 

56.000 

5900 

56.000 

6000 

•56.000 


nl 







.. . 

r r. 

ahJ 

A 



(l-T - 

”t “ **298 

AF,' 

Loi Kp 

0.000 

INFINITE 

-5.495 

-406.291 

-486.291 

INFINITE 

34.200 

34.200 

0.000 

-408.700 

-456.453 

334.573 

34.400 

34.201 

0.060 

-480.694 

-456.253 

332*364 

44.261 

35.521 

3.496 

-408.271 

-445.496 

243.396 

52.508 

38.117 

7.195 

-407.666 

-434.069 

190.072 

59.548 

41.117 

11.059 

-406.976 

-424.373 

154.570 

65.689 

44.198 

15.044 

-406.231 

-413.998 

129.250 

71 .144 

47.231 

19.1 31 

-405.451 

-403.732 

110.209 

76.061 

50.166 

23.306 

-404.631 

-393.565 

95.56^ 

80.546 

52.963 

27.563 

-403.776 

-303.491 

83.800 

64.677 

55.679 

31.698 

-402.077 

-373.506 

74.205 

88.514 

58.257 

36.308 

-401.937 

-363.604 

66.218 

92.101 

60.724 

40.790 

-400.955 

-353.705 

59.474 

95.475 

63.087 

45.343 

-479.932 

-344.041 

53.705 

98.664 

65.353 

49.966 

-470.870 

-334.370 

40.725 

lOl .692 

67.531 

54.656 

-477.769 

-324.774 

44.360 

104.578 

69.626 

59.419 

-476.627 

-315.247 

40.526 

107.338 

71.645 

64.247 

-475.452 

-305.707 

37.126 

109.985 

73.593 

69.144 

-474.236 

-296.394 

34.091 

112.531 

75.477 

74.107 

-472.993 

-287.064 

31.367 

114.985 

77.300 

79.138 

-471.719 

-277.000 

20.910 

116.181 

78.191^ 

"“">8.191 

81.678 

-471.070 -273.193 27.769 

*132.981 

Ti7.798“ 

-434.950 -273.193 

27.769 

134.268 

79.450 

120.598 

-434.052 

-269.434 

26.764 

136.757 

81 .888 

126.198 

-432.290 

-261.992 

24.094 

139.141 

64.225 

131.798 

-430.575 

-254.632 

23.106 

141.427 

86.467 

137.398 

-420.923 

‘■247.334 

21.621 

143.623 

88.624 

142.998 

-427.319 

-240.100 

20.181 

145.736 

90.700 

148.598 

-425.790 

-232.920 

10.053 

147.773 

92.702 

154.198 

-424. 367 

-225.014 

17.625 

149.738 

94.635 

159.798 

-423.053 

-210*743 

16.404 

151.637 

96.504 

165.398 

-421.073 

-211.724 

15.423 

153.473 

98.312 

170.990 

-420.844 

-206.726 

14.432 

155.251 

100.064 

176.598 

-419.981 

-197.777 

13*507 

156.463 

101*258 

180. *^18 

-419.4^0 

-192.917 

12.093 

156.463 

101.256 

180.518 

-432.078 

' 92.917 

12.093 

156.974 

101.762 

182.198 

-432.433 

« 190.717 

12.630 

158.646 

103.411 

187. ’90 

-430.958 

-103*419 

11.709 

160.269 

105.012 

193.390 

-429.493 

-176.140 

10.999 

161 .847 

106.569 

198.998 

-428.038 

-168*935 

10.255 

163.381 

108.084 

204.598 

-426.591 

-161.761 

9.554 

164.074 

109.559 

210.190 

-425.153 

-154.617 

0.892 

166.329 

1 10.996 

215.798 

-423.726 

-147.510 

0.266 

167.747 

112.397 

221 .398 

-422.306 

-140.450 

7.673 

169.1 30 

1 1 3.764 

226.998 

-420.896 

-133.427 

7.112 

170.479 

115.090 

232.590 

-419.496 

-126.421 

6.570 

171.797 

116.402 

236.198 

-418.103 

-119.459 

6.071 

173.084 

117.675 

243.790 

-416.723 

-112.526 

5*589 

174.343 

118.921 

249.398 

-415.351 

-105.638 

5.130 

175.573 

120.139 

254.998 

-413.991 

-90.’»53 

4.692 

176.776 

121.331 

260.598 

-412.643 

-91.^12 

4*274 

177.957 

122.499 

2b. '98 

-411.311 

-05.099 

3.074 

179.111 

123.642 

271 . /90 

-409.993 

-78.310 

3*493 

180.243 

124.763 

277.398 

-400.696 

-71.560 

3.120 

181 .352 

125.862 

282.990 

-407.421 

*64.024 

2.770 

182.439 

126.939 

280.590 

-406.171 

•*58.114 

2.442 

163.506 

127*997 

294.190 

-404.953 

-51.437 

2.121 

1 84.553 

129.034 

299.790 

-403.773 

-44.766 

1.012 

185.500 

1 30.053 

305.390 

-402.636 

-30.115 

1.516 


166.S69 

U7«seo 

187.646 
187.646 
180. SS4 
189. SI2 
190. 4S3 


131.054 

132.037 

132.102 

132.102 

133.003 

133.953 

134.886 


310.990 

316.590 

316.971 

316.971 

322.190 

327.798 

333.390 


-401.553 
-400.533 
-400.467 
-762.913 
-762.345 
-761 .034 
-761 .430 


-31.496 

-24.691 

-24.450 

-24.450 

•^12.366 

0.563 

13.512 


IS ScPtembT 1963 


1.229 

0.954 

0.936 

0.936 

0*466 

- 0.021 

- 0.492 
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TANTALUM PENTOXIDE (Ta^Og ) 


(CONDENSED PHASE) 


({fw = 441 . 90 


^£298. 15 ® -488. 7 ± 0. 4 kcal. g£w"* ?4. 2 ± 0. ) cal<l. gK'*g£w'* 

T^ a 2150 'K A H.„ = 36. 12 kcal gfw** 

m m 

H* - H* = 5.495 kcal gfw'^ 

298. 15 0 

C* = 37.0 + 6.56 X 10-3 T - 5.92 x 10^ T'^caldegK-1 gfw’* 298. 1 5" K < T 2 1 50*K 

C* ■ 56 cal deg K‘* g£w'* 2150 ‘K < T < 6000”K 


Structure 

Structure is in doubt. Often orthorhombic structure is quoted. 

Heat of Formation 

Based on average of Humphrey^ and Huber ^ a^. ^ 

Heat Capacity and Entropy 

Lrow temperature data is from Kelley. ^ High temperature data from Orr^ 
is extrapolated to melting point. Data above melting point is estimated. 

Melting and Vaporization 

Heat of fusion is estimated. 

References 

1 . Humphrey* G. L». , J. Am. Chem.' Soc. 7^,978 (1954) 

2. Huber, E. J. , Jr.* et al * J. Phys. Chem 795 (196^) 

3. Kelley* K. K. * J. Am. Chem. Soc. ^ 818 (1940) 

4. Orr, R. L. . J. Am. Chem. Soc. 75* 2808 (1953) 


TANTALUM PeNT0XIO£ (Ta205) (C0NOCNSeO PHASE) GPW * 4A1.90 

summary uncertainty ESTIMATES 




mtm 

Kr.l.ff*. .. 



t.*k 



^ o <% 

-<Ft - 

“ ”298 


Log Xp 

29*. i» 

a) *000 

40*300 

40*300 

40*000 40.400 



1000 

AltOOO 

4l«5l0 

40*606 

40*702 



2000 

4l«000 

42*205 

41*352 

41*702 



2150 

4l»000 

42*276 

41*414 

41*652 



2150 

£k4«000 

44*601 

41*414 

46*652 



5000 

« 000 

*5*954 

42*517 

410*252 



4000 

a4*000 

47*065 

43.522 

414*252 



5000 

44*000 

47*977 

44*327 

418*252 



6000 

44*000 

46*706 

44*996 

422*252 




2.280 




TABLE 2i7 


TRITITANIUM PENTOXIDE CONDENSED PHASE 

Reference State for Calculating AHf , AFf. and Log Kp- Solid Tl from 0 " to 1950*K, 
Liquid Tl from 1950* to 3590" K. Gaaeoue Tl from 35S0“ to 6000' K; 

Gaeeoue Oz, Solid Tl from 0* to 2|73'K. Liquid Ti JO 5 from 2173* to 6000* K 


T.»IC 


c«l/"K 

Sj -<F 

T - ”298^/^ 

/ 0 0 

”T - “298 

-KLml/giw 

ahJ’ 


1-00 *tp 

0 

0.000 

0.000 

INFINITE 

-5.510 

-584.523 

-5a<..523 

INFINITE 

?9fl. 15 

44.265 

30.900 

30.900 

0.000 

-567.650 

-553.770 

605.911 

300 

44.320 

31.174 

30.901 

0.082 

-58 7.633 

-553.560 

603.255 

<♦00 

47.270 

44.328 

32.674 

4 ■ 66 1 

-586.689 

-542.352 

296.313 


4B . ^45 

__49.98 I 

34.200 

7,062 

-586, 1 59 

-536. 87H 

76ft -7 \ 1 

450 

45.200 

54.959 

34.288 9.302 -583.919 -536.878 260.731 

500 

45 • 600 

59.742 

36.598 

1 1.572 

-583.553 

-531.629 

232 . 366 

600 

46.400 

66.126 

41.173 

16.172 

-582.862 

-521.309 

189.876 

700 

47.200 

75.339 

45.551 

20.052 

-582.206 

-511 . 106 

159.566 

BOO 

48.000 

01 .694 

49.679 

25.612 

-581.571 

-500.990 

136 .858 

900 

48.000 

07.394 

53.550 

30.452 

-580.941 

-490.954 

119.216 

1 000 

49.600 

92 *bn 

57.205 

35.372 

-580.311 

-400.987 

105.1 L5 

1100 

50.400 

97.341 

60 .640 

40.372 

-579.671 

-471.088 

93.592 

1 155 

50.840 

99.011 

62.447 

43.156 

-579.309 

-465.666 

88.109 

1 155 

50.840 

99.81 1 

62.44 7 

43.156 

-582. 1 59 

-465.666 

08 .109 

1 200 

51 .200 

101.761 

63.085 

45.452 

-581 .859 

-661 . 132 

83.980 

1 300 

52.000 

105.891 

66.959 

50.612 

-581 . 1 T*' 

-651 . 104 

75.834 

1 4 OO 

52.800 

1 09.774 

69.000 

55.852 

-580. * 6 '' 

-441.123 

68.659 

1 500 

53.60^' 

1 13.444 

72.663 

61.172 

-579. 720 

-631.198 

62.822 

16 or 

54,400 

116.929 

75. 321 

66.572 

-578.946 

-621 .321 

57.567 

1 70C 

55.200 

120.251 

77.86 7 

72.052 

-578.1 36 

-61 1 .693 

52.898 - 

1 tfOO 

^ ^ .000 

123.428 

00. 31 1 

77.612 

-577.292 

-601.716 

68.773 

1 900 

56.800 

126.476 

82.661 

83.252 

-5 76.410 

-391.983 

65.086 

J 950 

57.200 

127.958 

83.803 

86. 102 

-575.954 

-387, 132 

63.387 

1 95 C 

5 / .200 

127.958 

H 3.803 

86.102 

-587.054 

-38’. 1 32 

63.387 

2000 

57.600 

129,4 11 

84.926 

88.972 

-586.515 

-382.016 

61 .763 

2100 

58.400 

132.241 

07.112 

94,772 

-585. 300 

-371 .819 

38.696 

2 1 73 

58,984 

134.24? 

_^8B ,66 2 

99.0*^ 6^ 

^-584.510 

_-366.412_ 

36.669 

2173 

6 0.0')0 

1 5 7.256 

88.662 

14 .056”* 

"-534.510“ 

-364.412 

36.669 

2ror 

60.000 

1 * 7,99 7 

e'/,5C0 

1 50.676 

-534.153 

-362,299 

35.989 

2 3CO 

60.000 

160, 664 

92 . 544 

1 56,676 

-532.84 J 

-354.519 

33.665 

2<.o0 

60.000 

1 6 3 , 2 1 P 

95.436 

162,676 

-531 .54P 

-346,790 

31 .578 

2500 

60.00n 

165.66 7 

98 .19 7 

168.6 76 

-530.268 

-339.124 

29.665 

2 600 

60.000 

160.020 

100.837 

1 74.676 

-528.998 

- <31 .494 

27.863 

2 70 0 

6C.00O 

1 70.285 

103. 360 

180.676 

-527.743 

-32 ^.929 

26.219 

2flCC 

60.000 

1 72.467 

1C5. 797 

1 86.6 76 

-526.403 

-316.397 

26.695 

2 900 

6r .000 

1 74.5 72 

100.132 

' 9 '.6 76 

-525. .6.; 

-’08.915 

23.279 

3000 

6C.O00 

176.607 

1 1 0. 38 1 

1 98.6 76 

-524.04 1 

- 301 .678 

21 .962 

3 100 

6C.OOO 

1 78.574 

112.549 

2 0 *« .6 76 

-522.841 

-296.075 

20.731 

3200 

60.000 

1 80.4 79 

114,642 

2:0.676 

-521 .646 

-206.720 

19.581 

3300 

6 0.00-3 

182. 32‘ 

11 6,666 

216.676 

-520. 58 

-279.3><>0 

18.502 


60.000 

164.116 

1 10,623 

2 2 2 • 6 7 0 

-519.233 

-272. 101 

17.490 

3500 

60.000 

185.056 

120.5' 9 

228. 6’6 

-51 8. 1 1 B 

-266 . 04 7 

16,537 

3 5 50 

60.000 

186.707 

121 ,446 

2.31 -676 

-51 7,538 

-2bi .2 3d 

16.002 

3550 

60.000 

186. 707 

1 2 I .446 

231.676 

-824.909 

-261 .238 

16.082 

3 60 0 

60.000 

187.546 

1 7 2. ’SB 

234.676 

-024 , 349 

-253.30? 

15.377 

3 700 

60.000 

189.190 

1 2 4 . 1 4 2 

240.676 

-823,262 

-237.452 

1- .025 

3 BOO 

60.000 

1 90. 790 

125.075 

246.676 

-822.226 

-221.628 

12 .746 

3900 

6'3.O00 

1 92 . 348 

1 2 7,56 C 

252 .676 

-821 .243 

-206. 8h6 

11.535 

<.onr 

60.000 

1 % < . B 6 7 

1 2 9 , 1 8 

250.676 

-820. 30’ 

-190.060 

10. ’84 

4100 

60.000 

1 9*. . 349 

130.794 

264 ,676 

-819,^12 

-174.325 

9.292 

4200 

60 . 000 

1 96 . 795 

1 32 . 348 

2 70.676 

-818. 567 

-15 .595 

0.252 

43CC 

60.000 

1 98,207 

1 ’ 3.063 

2 ^6.676 

-8i 7,765 

- 1 . 8 0 4 

7 .262 

6400 

h 0.000 

199,586 

1 35 . 34 1 

. .676 

-01 7.009 

-127.194 

6.317 

4500 

60.000 

2C0.934 

1 36.784 

288.675 

-816.294 

-111.541 

5.417 

4600 

60.000 

202.253 

138,193 

29<# ,676 

-815,621 

-95,P69 

4.555 

4700 

60.000 

2C3 . 544 

1 39.570 

300.676 

-014.993 

-00.2 3B 

’.731 

4 BOO 

60.000 

204. PC 7 

140,916 

306.676 

-01 **.408 

-64.60 1 

2.941 

4 900 

6 0 .000 

206 ,044 

1 4 2 . 2 3 2 

31 2.6 76 

-81 3,864 

-48.976 

2.184 

5 000 

60. coo 

207.256 

143,52 1 

310.677> 

-01 3, ’65 

-33.375 

1 .459 

5100 

60.000 

208.444 

144 . 7P2 

324.676 

-012.915 

-17.7 76 

0.762 

5?nc 

60.00-3 

09.609 

146.010 

330.6 76 

-812.51 1 

-2. 192 

0.092 

5 300 

60.000 

.'10.75 2 

14 7.228 

336.676 

-012. 160 

1 3.404 

-0.553 

5 400 

60.000 

21 1 .874 

14 0.415 

342 .6 76 

-811. 068 

28.971 

-1 .172 

5 5 00 

60.000 

212.975 

1 4 , 5 7 9 

340.676 

-011.637 

44.561 

-1 .771 

56 00 

60.000 

214.056 

150.721 

354 .6 76 

-01 1 .478 

60.116 

-2.346 

5700 

60.000 

215.118 

151 ,941 

360.6 76 

-811. 397 

75.705 

-2.903 

5P0C 

60*000 

216.161 

15 2.941 

366 .676 

-81 1 .<*1 1 

91.278 

-3.639 

5900 

60.000 

217.107 

15 4,0.7 1 

3 72.6 76 

-811 .530 

106.863 

-3.958 

6000 

60.000 

210.195 

1 5«.,08 3 

370.676 

-811.770 

122.638 

- 6.660 


31 December 19<»3 
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TRITITANIUM PENTOXIDE (TijO^) (CONDENSED PHASE) gfw = ZZi. 70 


^«f298.15 = kcal gfwJ 


Tt = 450®K 


= ZITS^K 


“298. 15 -“o = kcal gfw- 1 

C® = 35. 47 + 29. 50xl0"^Tcal degK'^gfw"^ 
= 41. 60 + 8. 00xl0"^Tcal degK-^gfw-* 
Cp = 60. 0 cal degK'^gfw*^ 

Structure 


s® ^ 30. 9 cal degK'^gfw-* 

298.15 

AHj = 2. 240 kcal gfw”^ 

AH = 50. 0 kcal gfw”^ 


298°K< T< 450®K 
450°K < T< 2173 OK 
2173®K< r< 6000®K 


According to Asbrink and Magneli, ^ the low-temperature form of TijOg 
is monoclinicg and the high-temperature form is of anosovite type. 


Heat of Formation 


Calorimetric value as compiled by Kelley and Mah^ used. 


Heat Capacity and Entropy 

JLow- temperature data by Shomate. ^ High- temperature data by Naylor^ 
to ’ 600^K extrapolated to melting point. Data at higher temperatures estimated. 

Melting and Vaporization 

Heat of fusion estimated. 

References 


1. Asbrinkg S. and A. Magneli* Acta Cryst, IZ * 57 5 (1959). 

2. Kelley, K. and A. Mah, U. S. Bur. Mines, Rept. 5490 (1959). 

3. Shomate, C. ,J. Am. Chem. Soc. 68 , 310 (1946). 
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TRITITANIUM PENl OXIDE ICSHOCHSED PHASE) OEW • 223.70 

SUMMARY SE uncertainty ESTIMATES 




r-l/« 

K 






r ^ 







t.'k 

S 

4 

-<F 

T“«29S 

)/T 

Mt-H^ ah, af, 

Log Kp 

298.15 

A 1.000 

A 0.200 

A 

0.200 

A 

0.000 A 2.000 


A50 

A 1 .000 

A 0.612 

A 

0.274 

A 

0*152 


450 

A 2.000 

A 1.278 

A 

0.274 

A 

0*452 


1000 

A 2.000 

A 2.875 

A 

1.323 

A 

1*552 


2000 

A 2.000 

A 4.262 

A 

2.486 

A 

3*552 


2173 

A 2.000 

A 4.428 

A 

2.634 

A 

3*898 


2173 

A 5.000 

A 9.029 

A 

2.^34 

A 13*898 


3000 

A 5.000 

A10.642 

A 

4.631 

A 18.033 


4000 

A 5.000 

A12.000 

A 

6.322 

A 23.033 


5000 

A 5.000 

A13.196 

A 

7.590 

A 

28.033 


8000 

A 5.000 

Al4.i08 

A 

8.602 

A 33»033 
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rhenium HEPTOXIDE 


TABLE 21 w 
CONDENSED PHASE 


Referen, . Sf.e for C.lcuI.Ung Ah^ a." 

quid Re from 3453* to 596 /•K V* *^f> * Solid Re from 0* to 3453*K 


0 

29S«iS 

lio 

460 

500 


0*000 

39.717 

39.650 

45.1^4 

50.250 

_5345J7 
71 4 100’' 
71.100 
71.100 




0.000 I»«FIN1T£ 

49.543 4V.543 

49.789 49.544 

J2.028 51.17> 

72.680 54.432 


“7.^<»6 -294.070 

0.000 -296.700 

0.074 -296.693 

4.341 -296.155 

9.124 -295.193 


— Hlo” i?*!’!— ****•*»<>_ 

109.438 so /.io 27m7i7 -279.300 

113.357 -^78.:I57 

113.357 62.400 32.307 -277.299 


-294.070 

-255.032 

-254.774 

- 240.869 

“227.150 

-217.696 

-217.696““ 

-214.463 

-210.878 


INFIMITE 
186.935 
165.594 
131 .598 
99.283 

83.465 

83.465 

78.114 

72.689 


IS June 1963 


RHENIUM HEPT0XIDE(Rc^07) 


(CONDENSED PHASE) 


gfw = 484. 44 


^298, 15 = 49 - 54 cal deg K" ^ gfw*^ 
:r 15.0 kcal gfW^ 

AHv = 17.3 kcal gfw“^ 


^f298. 15 = -296.7 kcal gfw^ 

Tm = 570 •K 
Tb = 634 •K 
H 298 . 15 - Hq = 7. 246 kcal gfw“^ 

Cp= 29. 15 + 4. 4x10” 2T-2.2 Sx 10^ T“2 cal deg K” ^ gfw”* 298. 15*K < T < 570 'K 

Cp = 71. 10 cal deg K"^ glw”^ (estimated) 570 'K < T ^ 634*K 

Structure 


type . 


Preliminary investigations of crystal structure indicate an orthorhombic 


Heat of Formation 


Heat of formation has been determined by Roth and Becker. ^ and by 
Boyd et al. ^ The average of these two determinations has been adopted here. 


Heat Capacity and Entropy 


Entropy at 298 *K has been calculated from low-temperature heat-capacity 
data o^ Busey. ^ Heat capacity of solid has been extrapolated to melting point. 
Heat I apacity of liquid is estimated. 


Melting and Vaporization 

Melting and boiling temperatures have been calculated from vapor -pressure 
data of Ogawa^ and Smith et al.^ 
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RhCNIUH HEPTSXIOC (Re20^) (CSNOCNSEO PHASE) GFW > 

SgHHAWY (JF UNCERTAINTY ESTiMATES 



r 







29 S « i 5 

* 

0*040 


0*050 


0*050 

* 0*000 

300 

± 

0*040 

± 

0*050 


0*050 

± 0*000 

400 

* 

0*040 


0*062 


0*052 

* 0*004 

500 

± 

0*040 

± 

0*071 


0*055 

± 0 * 00 S 

570 

* 

0*040 

± 

0*076 


0*057 

± 0*011 

570 

± 

1*000 

± 

0*953 

± 

0*057 

A 0*511 

600 

± 

1.000 

± 

1*004 

A 

0*103 

* 0*541 

634 


1*000 

± 

1*060 

A 

0*153 

A 0*575 


- Kcml/ntm 

/\hrf 


* 2.000 


Ar/ 




Log K 


P 
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table 219 


OSMIUM 


Ijqu.d oVtrtm'f290^J^2’yo-K''c^'‘ “p' O, Irom O' to 

2 * Ga.eou* from 5270- to 6000" K. 


T.-k 








c 


. Kcal/gfw. 

ah^" 




0 

0.000 

298.15 

5.952 

300 

5.954 

400 

6.042 

500 

6.130 

600 

6.218 

700 

6.306 

600 

6.394 

900 

6.462 

1000 

6.570 

1100 

6.656 

1200 

6.746 

1 300 

6.634 

1400 

6.922 

1500 

7.010 

1600 

7.096 

1 700 

7.166 

1 600 

7.274 

1900 

7.362 

2000 

7.450 


0.000 

Infinite 

7.600 

7.600 

7.837 

7.801 

9.562 

8.035 

10.919 

6.461 

12.045 

8.98 3 

13.010 

9.491 

13.858 

9.985 

14.616 

: 0.456 

15.303 

10.909 

1 5.934 

11.336 

16.517 

1 1 .745 

17.060 

12.133 

17.570 

12.504 

16.051 

12.856 

16.506 

13.196 

16.939 

13.522 

19.35? 

13.834 

19.746 

14.135 

20.127 

14.425 


- 1.210 
0.000 
O.Ol 1 
0.611 
1 .219 

1 .637 
2.463 
3.096 
3.742 
4.394 

5.0^6 

5.726 

6.405 

7.093 

7.769 

6.495 
9.209 
9.932 
1 0.664 
1 1 .404 


2100 

7.538 

'>0.493 

14.706 

12.154 

2200 

7.626 

20,846 

14.977 

12.91 2 

230O 

7.714 

21.187 

15.239 

1 3.679 

2400 

7.60? 

21 .517 

1 5,494 

14.455 

2*^00 

7.890 

21 .837 

15.741 

15.239 

2600 

7.978 

22.148 

15.982 

16.033 

2 700 

6.066 

22.451 

16.216 

16.835 

2 8 00 

8.154 

22.746 

16.444 

1 7.646 

2900 

8. 242 

23.034 

16.666 

18.466 

3000 

8.330 

23.315 

16.883 

19.294 

3100 

8.416 

23.509 

1 7.095 

20. 1 32 

3200 

8.506 

23.858 

17.302 

20*970 

3290 

8 . 585 

24,095 

_ 17,485 

21 ,747 

3290 

9.000 

26.395 

17,485 

29. 314 

3 300 

9.000 

26,422 

17,512 

29.404 

3400 

9,000 

26.691 

17.778 

30. 304 

3*;oc 

9.000 

26.952 

18.036 

31 .204 

3600 

9.000 

27,205 

18.207 

32.104 

3700 

9.000 

2 7.452 

18.53? 

33.004 

3600 

9.000 

27.692 

18.770 

33.904 

3900 

9,000 

27,926 

19.001 

34.004 

4000 

9.000 

28. 153 

10.227 

35.704 

4100 

9.000 

28.376 

19.448 

36.604 

4200 

9.000 

28.593 

19.663 

37.504 

4300 

9,000 

28.804 

19.073 

38.404 

4400 

9.000 

29.011 

20.078 

39.304 

4500 

9.000 

29.21 3 

20.279 

4C.204 

460C 

9.000 

29.411 

20.476 

41.104 

4700 

9.000 

29.605 

20.668 

4? .004 

4800 

9.000 

29, 794, 

20.856 

42.904 

4900 

9.000 

29.980 

21.040 

43.804 

5000 

9.000 

30.162 

21.221 

44.704 

5100 

9,000 

30.340 

21.398 

45.604 

5200 

9.000 

30.515 

21.572 

46.504 

5269. *>7 

9.000 

30.634 

21.690 

47.130 

5269.57 

8.769 

64.110 21.690 223.531 

5300 

8.773 

64.161 

21 .935 

223. 798 

5400 

6.809 

64.326 

22.719 

224.677 

5500 

8.838 

64.488 

2 3.44 7 

225.560 

5600 

8.666 

64.647 

24.210 

226.445 

5 700 

8.693 

64.804 

24.971 

227. 3-^3 

5800 

8.919 

64.959 

25.610 

228.224 

5900 

6.944 

65.112 

26.279 

229.1 1 7 

6000 

8.966 

65.262 

26.927 

230.012 


15 September 1962 


3290- K, 


Log 


RCF 
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OSMIUM (0«) 


(REFERENCE STATE) 


gfw - 190. 2 


0®K to 3290®K 
3290®K to 5269. 57®K 
5269. 57®K to 6000®K 


CryflUl 

Liquid 

Ideal Monatomic Gae 


Ah^o * ® 

Ah®298. 15 * 107.400 kcal gfW^ 


^^^^298. 15 * ^ kcal gfw'l 
SJ 93 15 7. 600 cal deg K*^gfw' 

* 7. 567 kcal gfw'^ 

Hv ^ 176. 401 kcal gfw’l 


T^ = 3290®K »m * ^67 kcal gfw'* 

T^, * 5269. 57®K Hv = 176. 401 kcal gfw-1 

”298.15-”S= 210 kcal gfw-* 

Cp = 5. 690 4 0.880 x 10*^T cal deg K*lgfw-1 298. 15°K^ T^3290°K 
Cp = 9. 000 cal deg K-lg/w"* 32900K ^ T ^ 5269. 57®K 

Structure 


An hep (A3) type. See volume 1 , this study (section 1VA18) for 
details. 

Heat of Formation 

Zero by definition. 

Heat Capacity and Entropy 

Kelley' si equation used in compilation and extrapolated to melting point. 


See volume I, this study (section IVAl 8 ) for details. 
Vaporisation 


Data from Panish and Reif. ‘ 


References 


1. KeUey. K. K. , U. S. Bur. Mines. BuU. 584 (1960). 

2. Panish. M. B. and L. Reif. J. Chem. Phys. 37. 128 (1962). 


OSMIUM (Os) fRCFEKENce STATE) GFW > 190.2 

.UtSUX ir AaCtUMlflTT UlfWAit.; 





r mtw . 




T.*K 




r 0 0 

"t - ”296 

amJ 

\ pf' Lo, Up 

298.15 

* 0.100 

* 0.500 

* 0.500 

* 0.000 



1000 

* 0.500 

* 0.740 

* 0.600 

* 0.140 



2000 

* 1.000 

* 1.260 

* 0.810 

* 0.890 



3000 

* 1.500 

* 1.770 

* 0.890 

* 2.140 



3290 

* 1 . 6*0 

* 1.910 

* 1.120 

* 2.580 



3290 

* 0.*50 

* 2.270 

* 1.120 

* 3.780 



4000 

* 1.750 

* 2.490 

* 1.350 

* 4.570 



5000 

* 3.350 

* 3.080 

* 1.640 

* 7.220 



5269.57 

* 4.050 

* 3.230 

* 1.660 

* 8.290 



5269*57 

* 0.008 

* 0.010 

40.005 

* 0.029 



4000 

* 0*004 

* 0.001 

* 0.806 

* 0.034 
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table 220 


OSMIUM 

IDEAL monatomic GAS 

Liquid O. ^ 3290* K, 

G*«eou« 0» from 5270* to 6000* K 


Os 


t.-k 

0 

296.13 

SOO 

400 

500 

600 

700 

800 

900 

1000 

1100 
1200 
1 300 
1400 
1 500 

1600 

1700 

1800 

1900 

2000 

2100 
2200 
2 300 
2400 
2500 

2600 

2700 

2800 

2900 

3000 


— c«l/»K gfv 

C* ^ o o 

St -(Ft - 


i)^ - h: 


0*000 

4.968 

4.969 
4.974 

4.996 

5.044 

5.122 

5.231 

5.367 

5.522 

5.691 

5.667 

6.042 

6.211 

6.372 

6.521 

6.656 

6.782 

6.894 

6.996 

7.086 

7.173 

7.251 

7.324 

7.393 

7,459 

7.523 
7.584 
7.645 
7.704 


0.000 

46.002 

46.032 

47.462 

48.574 

49.489 
50.272 
50.962 
51 .586 
52.159 

52.694 

53.196 

53.673 

54.127 

54.561 

>s.977 
“* .376 
55.761 
56.130 
56.486 

56.830 

57.162 

57.482 

57.793 

50.093 

50.384 

50.667 

50.942 

59.209 

59.469 


3100 7.763 59.722 

3200 7.021 59.970 

3290 60.180 

3290 7.07? 60.100* 

3300 7.878 60.211 

3400 7,934 60,447 

3500 7.990 60.678 


3600 

3700 

3800 

3900 

4000 

4100 

4200 

4300 

4400 

4500 

4600 

4700 

4800 

4900 

5000 

5100 

5200 

5269.57 

5269.57“ 

5300 

5400 

5500 

5600 
5 700 
5800 
5900 
6000 


8.045 

8.098 

0.151 

0.203 

8.253 

8. J02 
0.350 
8.396 
6.441 
B.48<. 

8.526 

0.567 

8.605 

8.643 

8.679 

0.713 

6.746 

_8.769_ 

“8.769’ 

8.773 

8.809 

8.818 

8.866 

8.093 

8.919 

8.944 

6.960 


60,904 
61 . 12*- 
61 .342 
6i .55<. 
61 . 763 

61 .967 
62.160 
62.365 
62.550 
62. 748 

62.935 

63.119 

». .300 
63 ,1,70 
63.653 

6 ) .825 
63,99<, 
64.11 0^^ 
"64.110*' 
64.161 
64.326 
64.488 

64.64 7 
64.804 
64.959 
65.1 1 2 
65.262 


imfinitc 

46.002 

46.002 

46.197 

46.565 

46.970 

47.394 

47*798 

48.185 

46.554 

48.906 

49.243 

49.565 
49.875 
50.173 

50.460 

50.738 

51.006 

51.266 

51.519 

51.763 

52.001 

52.233 

52.458 

52.677 

52.891 

53.100 

53.304 

53.503 

53.697 

53.888 

54.074 

.54.238 

54.238 

54,256 

54,435 

54,610 

54,782 
54.950 
55.1 1 5 
55.278 
55.437 

55.594 

55,748 

55,900 

56.049 

56.196 

56, 340 
56.402 
56.623 

56,761 

56.897 

57.031 

57.163 

57.254 

*57,254""’ 

57.294 

57.422 

57.549 

57,675 

57,798 

57.921 

58,041 

58,160 


298 

-1.481 
0.000 
0.009 
0.506 
1 .005 

1.506 

2.014 

2.53? 

3.061 

3.606 


.Kcsl/gfw. 

AHf 

187.129 

187.400 

187.398 

187.295 

187.186 

167.069 

186.951 

186.034 

186.719 

186.612 


187.129 

176.010 

175.940 

172.135 

168.358 

164.603 

160.868 

157.150 

153.446 

149.755 


iNFlNlte 

-129.013 

-128.460 

-94.046 

-73.586 

-59.954 

-50.223 

-42*929 

-37.260 

-32.727 


4*166 

186.510 

146.075 

-29.021 

4 • 744 

186.418 

142.403 

-25.934 

5.340 

186.335 

138.738 

-23.323 

5.952 

186.259 

135*081 

-21.086 

6*582 

186.193 

131.428 

-19.148 

7.226 

186.131 

127.778 

-17.453 

7.885 

1 86.076 

124.133 

-15.958 

8.557 

IB .025 

120.490 

-14.629 

9.241 

185.977 

116.851 

-13.440 

9.936 

185.932 

113.212 

-12.371 

10.640 

185.887 

109.580 

-1 1 *404 

11.353 

185.041 

105.940 

-10.524 

12*074 

185. 195 

102.314 

-9.722 

12.803 

185.748 

98.686 

-8.986 

13.539 

185. 700 

95.060 

-8.310 

14.282 

185.649 

91.437 

-7.686 

15.031 

185.596 

87.813 

-7.108 

15.786 

185.540 

84.192 

-6.571 

16.548 

185.48? 

80.573 

-6.072 

17.315 

185.421 

76.958 

-5.606 

18.088 

185.356 

73.342 

-5.170 

18.868 

185.290 

69.730 

-4.762 

.19.574_ 

.J85.227.. 

..66.483.. 

. j-4.416 

19.574 

177.660 

66*483 

-4.416 

19.653 

177.649 

66.145 

-4.380 

20.443 

177. S39 

62*766 

-4.034 

71.239 

n . . >5 

59.391 

-3.708 

22.041 

177.^3/ 

56.018 

-3.401 

22.848 

177.244 

52.653 

-3.110 

23.661 

177.157 

49.289 

-2.835 

24,478 

1 7-, 074 

45.920 

-2.573 

25. 301 

1 76.997 

42.560 

-2.325 

26.129 

176.925 

39.201 

-2.090 

26.962 

1 76.058 

35.843 

-1 .865 

27.799 

176.795 

32.484 

-1 .651 

20.641 

176.737 

29.128 

-1.447 

29.487 

1 76.683 

25.773 

-1 .252 

30.336 

1 76.6 34 

22.426 

-1.065 

31.192 

1 76.588 

19.074 

-0.887 

32.051 

’ 76.547 

l‘i.710 

-0.716 

32.91 3 

176.509 

12.367 

-0.552 

33.779 

176.475 

9.020 

-0. 394 

34.649 

1 76.445 

5.672 

-0.243 

35.52? 

1 76.410 

2.327 

-0.098 

36.13L 

J 76.401 

0.000 

0.000 

'*36.131*" 




36.398 




37.277 




38.160 




39.045 




39.933 




40.824 




41.717 




42.612 
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OSMIUM (Os) 


(IDEAL MONATOMIC GAS) 


gfw = 190. 2 


= 187. 129 kcal gfW* ZiH£ 29 e. 15 = 187. 400 kcal gfw"* 

Ground StAte Configuration = ^298 15 ' 

”298. 15 '”o = *• ■*** ^ 

Electronic Levels and Multiplicities 
Energy levels from Van Kleef. ^ 

Heat of Formation 

Data from Panish and Reif. ^ 

Heat Capacity and Entropy 

Calculated from monatomic gas-computer program. 

References 

1. Van Kleef, T. , Koninkl. Ned. Akad. Wetenschap. Proc. B63 . 
549 (1960). 

2. Van Kleef, T. and P. Klinkenberg, Physica 27, 83 (1961). 

3. Panish. M. B. and L. Reif. J. Chem. Phy8.“37, 128 (1962). 


SSHlUMs MSNATSMIC \Om) (IDEAL GAS) 

SUHHAWY (JIf uncertainty ESTIMATES 


GFW • 190.2 







Kr.l gfw . 








^ it o 





T.*K 


s :;. 

T - 




. r 


29isl5 

6 0.000 

* 0.002 

* 0.002 

* 0.000 ' 

* 1.500 

* 

1.650 

* 0.840 

1000 

6 0.000 

* 0.002 

* 0.003 

* 0.000 

* 1.640 

* 

2.100 

* 0.360 

2000 

60.002 

* 0.003 

* 0.003 

* 0.001 

* 2.390 

* 

3.120 

* 0.290 

3000 

± 0.006 

* 0.004 

* 0.003 

* 0.005 

* 3.640 

* 

4.170 

* 0.270 

3290 

* 0.009 

* 0.005 

* 0.003 

* 0.008 

* 4.090 

* 

5.180 

* 0.310 

3290 

* 0.009 

* 0.005 

* 0.003 

* 0.006 

* 5.290 

* 

5.180 

* 0.310 

4000 

* 0.013 

* 0.007 

* 0.004 

* 0.016 

* 6.090 

* 

6.900 

* 0.350 

5000 

* 0.010 

* 0.010 

* 0.002 

* 0.027 

* 6.750 

* 

9.700 

* 0.400 

5269.57 

* 0.006 

* 0.010 

* 0.005 

* 0.029 

* 9.820 

* 10.250 

* 0.410 

5269.57 

* 0.006 

* 0.010 

* 0.005 

*04029 





6000 

* 0.004 

* 0.011 

*04006 

* 0.034 
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TABLE 221 


PI-ATINUM 

reference state 

Reference StAte for Calculafin» au* 

Liquid Pt from 2043* to 4108*K ^ 2043'K. 

w 'll OB K. Gaeeoue Pt from 4108* to 6000* K 


T,*K 


0 

29a.l5 

300 

400 

500 

600 

700 

000 

900 

1000 

1100 

1200 

1300 

1400 

1500 




0.000 

6.180 

6.183 

6.339 

6.464 

6.583 

6.704 

6.827 

6.951 

7.076 

7.201 

7.326 

7.452 

7.577 

7.703 




-(Fj > mC)7i^ ^hI-H 


-Kcml/gfw^ 

AHt 




Kp 


1600 

7.620 

1 700 

7.954 

1800 

6.080 

1 900 

8.206 

2000 

0.332 

2043 

6.386 

2043 

8.500 

210<^ 

8.500 

220C 

8.500 

2300 

8.500 

2400 

8.500 

2500 

6.500 

2600 

8.500 

2700 

8.500 

2800 

8.500 

2900 

8.500 

3000 

8.500 

3100 

8.500 

3200 

8.500 

3300 

8.500 

3400 

0.500 

3500 

0.500 

3600 

0.500 

3700 

8.500 

3000 

8.500 

3900 

0.500 

4000 

0.500 

4100 

0.500 

4108.3<» 

8.500 

4108.34 

5.829" 

4200 

5.850 

4300 

5.873 

4400 

5.895 

4500 

5.91 7 

4600 

5.939 

4700 

5.960 

4000 

5.982 

4900 

6.003 

5000 

6.024 

5100 

6 . 046 

5200 

6.067 

5300 

6.069 

5400 

6.111 

5500 

6.133 

5600 

6.155 

5700 

6.178 

5000 

6.202 

5900 

6.225 

6000 

6.250 


0.000 

9.950 

9.988 

11.790 

13.218 

14.407 
15.431 
16.334 
17.145 
1 7.084 

18.564 

19.196 

19.788 

20.344 

20.871 

21.373 
21 .851 
22.309 
22.749 
23.173 

_23.351_ 
25.651 
25.885 
26.281 
26.658 
2’'. 020 
27.367 

27.701 

28.021 

28.33] 

28.629 

28.917 

29.196 

29.466 
29.727 
29.981 
30.227 

30.467 
30.700 
30.926 
31 .147 
31.362 

31.572 
__31 . 589 _ 
61.168 
61 .297 
61.435 
61.570 
61.703 

61.833 

61.961 

62.087 

62.210 

62.332 

62.451 
62.569 
62.685 
62.799 
62.91 1 

63.022 

63.131 

63.239 

63.345 

63.450 


infini te 

9.950 

9.950 

10.195 

10.661 

11.169 
1 1.724 
12.245 
12.745 
13.222 

13.677 
14.111 
14.525 
14.921 
1 5 . 30 1 

15.665 

16.014 

16.352 

16.677 
16.991 

..17.149 
17.149 
1 7.358 
1 7.754 
18.133 
18.496 
18.844 

19.178 

19.500 

19.810 

20.109 

20.398 

20.677 
20.948 
21.210 
21.464 
21.71 1 

21.951 
22.184 
22.41 I 

22.632 
22.848 

2^.058 

.23.126 

23.126 

23.908 

24.779 

25.614 

26.415 

27.183 

27.922 

28.632 
29.316 
29.975 

30.610 
31 .224 
31.817 
32.390 
32.943 

33.480 

33.999 

34.502 

34.990 

35.464 


-1.372 
0.000 
0.011 
0.638 
1*278 

1.931 

2.595 

3.271 

3.960 

4.662 

5.376 

6.102 

6.841 

7.592 

8.356 

9.133 

9.922 

20.724 

11.538 

12.365 

12.724 

17.423 

17.908 

18.758 

19.608 

20.458 

21.308 

22.158 
23.005 
23.858 
24. 708 
25.558 

26*408 

27.258 

28.108 

2S.9SB 

29.808 

30.658 
31 •50« 
32.358 
33.208 
34.058 

34.900 
34.979 
1 56.490 
157.032 
157.619 
1 58.207 
158.790 

159. 39d 
159.985 
160.583 
161.182 
161.783 

162.387 

162.992 

163.600 

164.216 

164.822 

165.437 

166.053 

166.672 

167.294 

167.917 
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PLATINUM (Pt) 


(REFERENCE STATE) 


gfw = 1 95. 09 


0®K to 2043®K 
2043'^K to 4108°K 
4108®K to 6000®K 


Ah^o = 0 


AHg298. 15 = 135. 100 kcal gfw 


-1 


T = 2043°K 
m 


= 4108'^K 


Crystal 
Liquid 

Ideal Monatomic Gas 
^•^f298. 15 ° 

S298. 15 = 9- *^50 cal deg K‘*gfw'* 
= 4. 699 kcal gfw'* 


Ah„ = 


= IZl. 519 kcal gfw“ 


^298 15"*^0 “ kcal gfw-1 

C° = 6. 028 4 0. 969 x lO'^T - 0. 1220 x lO^T'^ cal deg K‘'gfw*‘ 

298. 15°K T 500®K 
Cp = 5. 810 4 1. 260 X 10‘^T - 0. 060 x lO^T’^ cal deg K'^gfw-l 

500°K xl T 41. 2043°K 


Cp = 8. 500 cal deg K'^gfw'l 


2043®K < T ^ 4108®K 


Structure 


An f. c. c. (Al) type. 
Hea of Formation 


Zero by definition. 

Heat Capacity and Entropy 

Kelley et al^ calculated S 29 g and that value adopted. Heat-capacity data 
based on measurements of several authors. Liquid heat capacity estimated. 

Melting and Vaporization 

Heat of fusion estimated. Melting point estimated from works of 
several authors. Heat of vaporization calculated. See volume 1, this study 
(section 1VA20) for details. 

Reference 

1. Kelley, K. K. and E. G. King. U. S. Bur. Mines, Bull. 592 (1961). 


SLATINUM (Pt) 


(serEscNcE state) 


CFS • l9Se09 


SUNWASY Sf UHCESTAIWTY ESTIXATE^S 





K 


. Kc*l/gfw 











t.*k 

s 



Ht - 

AH( 

AF, 

L<»f Kp 


40*020 

40*090 

40*090 

40*000 




lood 

40*020 

40*070 

40*040 

40*010 




20A« 

40*100 

40*120 

40*000 

40*000 




204) 

*0*420 

40*910 

40*000 

40*000 




sooo 

4 2*090 

40*900 

40*290 

42*060 




4000 

4).790 

41*010 

40*970 

*4*960 




4ioa«)4 

4)*0)0 

41*910 

40*610 

49«)70 




4l0t*)4 

40*000 

*0*00) 

40*00) 

40*001 




9006 

40*001 

40*00) 

40*00) 

40*001 




4000 

40*001 

40*00) 

40*00) 

40*002 
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table IZI 


PLATINUM 

ideal monatomic gas 

Liquid Pt ^ 0 " ^ 204 3 “ K. 

— ^ to H 08 K, Gaacoua Pt from 4108 * to 6000 * K 


Pt 


t.*k 


0 

298 . 1 ^ 

300 

400 

300 

600 

700 

800 

900 

1000 

1 100 
1200 
1 300 
1400 
1500 

1600 
I 700 
1800 
1900 
2000 

20*5 

2043 

2100 

2200 

2300 

2400 

2500 

2600 

2700 

2800 

2900 

3000 

3100 

3200 

3300 

3400 

3500 

3600 
3 700 
3800 
3900 
4000 

4100 

4108. 34_ 

4108.34' 

4200 

4300 

4400 

4500 

4600 

4700 

4800 

4900 

5000 

5100 

5200 

5300 

5400 

5500 

5600 
5 700 
5800 
5900 
6000 




0.000 

6.102 

6.113 

6.459 

6.435 

6.260 

6.059 

5.877 

5.728 

5.609 

5.517 

5.447 

5.395 

5.358 

5.333 

5.318 

5.311 

5.310 

5.316 

5.326 




- Kral/ff* 

-<Fi- - M29()/T Hj - H29g AH| 




L«f Kp 


0.000 
45.962 
45.999 
47.81 7 
49.260 

50.419 
51 .369 
52.166 
52.849 
53.446 

53.976 

54.453 

54.887 

55.285 

55.654 

55.998 
56.320 
56.623 
56.91 1 
57.184 


^5.332 5 7,294 


5.332 
•». 340 
5.356 
5.376 
5.397 
5.421 

5.445 

5.470 

5.496 

5,523 

5.549 

5.576 

5.603 

5.629 

5.655 

5.681 

5.707 

5.732 

5.756 

5.780 

5.804 

5.827 
5.829 
’ 5.829* 


57.294 
5 7.444 
57.693 
57.931 
58,160 

58.381 

58.594 

58.800 

59.000 

59.193 

59.381 

59.563 
59,740 
59.913 
60.082 
60.246 

60.406 

60.563 
60.716 
60.866 
61 .01 3 

61.156 
61 .168^ 
*61 .168* 


INF INITE 

-1 .572 

1 34.900 

134.900 

INF INI re 

45.962 

0.000 

135.100 

124.363 

-91.156 

45.962 

0.01 1 

135.100 

124.296 

-90.545 

46.207 

0.644 

135.106 

120.695 

-65.942 

46.679 

1.291 

135.113 

117.091 

-51.178 

47.209 

1 .926 

135.095 

113.488 

-41.336 

47.738 

2.542 

135.047 

109.890 

-34.308 

48.243 

3.138 

134.966 

106.302 

-29.039 

48.71 7 

3.7L8 

134.858 

102.725 

-24.944 

49.161 

4.285 

1 34.723 

99.161 

-21.671 

49.575 

4.641 

1 34.565 

95.612 

-18.995 

49.962 

5.389 

134.387 

92.079 

-16.769 

50.325 

5.931 

134.190 

88.560 

-14.888 

50.665 

6.469 

133.977 

85.058 

-13.278 

50.985 

7.003 

133.747 

81.574 

-11.885 

51.288 

7.536 

133.503 

78.103 

-10.668 

51.575 

8.067 

133.245 

74.646 

-9.596 

51.847 

8.598 

13* .974 

71.209 

-8*646 

52.106 

9.129 

1 32.691 

67.785 

•7.797 

52.353 

9 .661 

132.396 

64.376 

-7.034 

..52.453... 


..132.267. 

62.921. 

-6*731 

52.453 

9.891 

127.568 

62.921 

-6.731 

52.589 

10.195 

127.387 

61.115 

-6.360 

52.816 

10.729 

127.071 

57.964 

-5.758 

53.033 

11.266 

126.758 

54.830 

-5.2ld 

53.242 

11.805 

126.447 

51.710 

-4.709 

53.443 

12.346 

126.138 

48.602 

-4.249 

53.637 

12.889 

125.831 

45.507 

•3.825 

53.824 

13.435 

125.527 

42.425 

-3.434 

54.006 

1 3.983 

125.225 

39,351 

-3.071 

54.181 

14.534 

124.926 

36.291 

-2.735 

54. 351 

15.087 

124.629 

33.241 

-2.421 

54.51 7 

15.644 

124.336 

30.196 

-2.129 

54.677 

16.203 

124.045 

27.167 

-1 .855 

54.833 

16.764 

123.756 

24.144 

-1.599 

54,985 

17.328 

123.470 

21.129 

-1.358 

55.133 

17.895 

I?-' ^87 

18.123 

-1.132 

55.27 7 

18.465 

122. C'’ 

15.126 

-0.908 

55.418 

19.037 

122.6.9 

12.134 

-0.717 

55.555 

19.61 1 

122.353 

9,153 

-0.526 

55.690 

20.188 

177.080 

6.174 

-0.346 

55.821 

20.767 

121.809 

3.208 

-0.175 


55.949 
5 5.960^ 
‘ 5 5.960* 


5.850 

61 .297 

56.075 

5.873 

61.435 

56.198 

5.895 

61.570 

56.319 

5.917 

61.703 

56.437 

5.939 

61.833 

56.553 

5.960 

61.961 

56.666 

5.982 

62.087 

56.778 

6.003 

62.210 

56.688 

6.024 

62.332 

56.995 

6.046 

62.451 

57.101 

6.067 

62.569 

57.205 

6.089 

62.685 

57.307 

6.111 

62.799 

57.408 

6.133 

62.911 

57.507 

6.155 

63.022 

57.605 

6.178 

63.131 

57.701 

6.202 

63.239 

57.795 

6.22*' 

63.345 

57.808 

6.250 

63.450 

57.980 


21. 349 
21.398 
*21.398 
21 .932 
22.519 
23.107 
23.698 

24.290 

24.885 

25.483 

26*082 

26.683 

27.287 

27.892 

28.500 

29.110 

29.722 

30.337 

30.953 

31.572 

32.194 

32.817 
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121.541 

121.519 


0.247 

0.000 


-0.013 

0.000 
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PLATINUM (Pt) 


(IDRAL MONATOMIC GAS) 


gfw = 195. 09 


= 134. 900 kcal gfw-1 AH® 29 g ,5 = 135. 100 kcal gfw' ‘ 

Ground State Configuration ^298 15 ” K”^gfw“^ 

» 298 . 15-»0 = 1 - 572 kcal gfw'l 

Electronic Levels and Multiplicitiea 
Spectroscopic energy levels from Moore. ^ 

Heat of Formation 

Based on several reported values. See volume 1, this study (section 
1VA20) for details. 

Heat Capacity and Entropy 

Calculated on monatomic-ga s computer program. 

Reference 

1. Moore. C. , Nat. Bur. Stda. (U. S. )Circ. 467, Vol. 3 (May 1958). 


platinum* 

MSNATSM1C 

(Pt) 

:>UMHARY 

( ideal OAS) 

$F uncertainty estimates 

GFW 

• 195.09 



_____cal,' fl 



Kr.l ft* 




^ o 


' C 





1 

s 


/Fj ~ ”29«>'T 

Ht - 




29$. 15 

A 0.000 

A 0.002 

AO. 003 

A 0.000 

A 0.300 

4 0.320 

40.230 

1000 

A 0.000 

A 0.003 

40.003 

4 0.000 

4 0. 310 

4 0.360 

4 0.080 

2000 

A 0.000 

4 0.003 

40.003 

4 0.000 * 




20<*3 

4 0.000 

4 0.003 

40.003 

4 0.000 

4 0.380 

4 0.670 

4 0.050 

209) 

4 0.000 

4 0.003 

40.003 

4 0.000 

4 1 . 1 80 

4 0.670 

4 0.050 

3000 

A 0.000 

4 0.003 

40.003 

4 0.001 

4 2. 360 

4 1.180 

4 0.090 

4000 

4 0.000 

4 0.003 

40.003 

4 0.001 

4 5*260 

4 2.590 

4 0.160 

4108.34 

4 0.000 

4 0.003 

40.003 

4 0.001 

* 5.670 

* 2.820 

4 0.150 

4108.34 

A 0.000 

4 0.003 

40.003 

4 o.ool 




5000 

4 0.001 

4 0.003 

40.003 

4 o.ool 




6000 

4 0.001 

4 0.003 

40.003 

4 0.002 
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TABLE 223 


rhenium 


reference state 


*” Ga*eou« Re from 5960* to 6000«K 


6 

29 e -15 

300 

400 

500 



0*000 

6*160 

6 . 16 ? 

6 .? 6 ? 

6.365 


0.000 

6.886 

e . 9?4 

10.710 

1 ?. I 19 


INlflNlTC 

6.866 

6.666 

9.129 

9.591 


600 

6.472 

13.209 

10.112 

700 

6.583 

14.295 

10.640 

800 

6.697 

15.181 

11*153 

900 

6.815 

1 5.977 

1 1 *645 

1 000 

6.936 

16.701 

12*115 

1100 

7.061 

17.368 

12*563 

1 200 

7.189 

17.968 

12*989 

1 300 

7.321 

18.566 

1 3.396 

1 400 

7.456 

19.116 

1 3.766 

1500 

7.595 

19.635 

14.158 

1600 

7.738 

20 . 1 30 

14.516 

1 700 

7.884 

20.603 

14.860 

1 800 

8.033 

21 .058 

15.192 

1 900 

6.186 

21 .496 

1 5.51 3 

2000 

8.343 

21.920 

15.822 

2100 

8.503 

22.331 

16.123 

2 Z ^ 

6.667 

22. 730 

16.414 

7300 

6.634 

23 . 11 .^ 

16.697 

2400 

9.005 

23.499 

16.973 

2500 

9.1 79 

23.670 

17.241 

2600 

9.357 

24.233 

17.503 

2700 

9.539 

24.590 

1 7.759 

2600 

9.723 

24.940 

18.009 

2900 

9.912 

25.285 

18.254 

300 C 

10.104 

25.624 

1 8.494 

3100 

10.300 

25.958 

18.730 

3200 

10.499 

26.289 

10.961 

3300 

10.701 

26 . 61 5 

19,168 

3400 

1 C . 908 

26.937 

19,41 1 

345 1 

J 1 . 0 1 8 

. 27.107 

, 1 9.528 

3453 

1 1 .000 

29.407 

19.52 8 “ 

3500 

1 1 .000 

29.556 

19.661 

3600 

1 1 .000 

29.865 

19.940 

3700 

1 1 .000 

30.167 

20 . 21 3 

3600 

1 1 .000 

30.460 

20.479 

3900 

1 1 .000 

30.746 

20.730 

4000 

1 1 .000 

3 i .024 

20.992 

4 100 

1 1 .000 

^1 .2‘'J6 

21 .240 

4 200 

1 1 .000 

31.561 

21 .463 

4300 

1 1 .000 

31 .820 

21 .720 

440 C 

1 1.000 

32.073 

21 .952 

4500 

1 1 .000 

32.320 

22.100 

4600 

1 1.000 

32.562 

22.403 

4700 

1 1 .000 

32.798 

22,622 

4000 

1 1 .000 

33.030 

22.836 

4900 

1 1 .000 

33.257 

23.047 

5000 

I 1 .000 

33.479 

23.253 

5100 

I 1 .000 

33.697 

23.456 

5200 

1 1 .000 

33.910 

23*655 

5300 

11.000 

34.120 

23.850 

5400 

1 1.000 

34.326 

24.042 

5500 

1 1 .000 

34.527 

24.231 

5600 

1 1 .000 

34. 726 

24.41 7 

5700 

11.000 

34.920 

24.599 

5800 

11.000 

35.112 

24.779 

5900 

1 1 .000 

35.300 

24.956 

5960.67 

11 . 0 . 35.412 25.061 

5960.67 

1 3 . 1 5 ' 

63.650 

25.061 

6000 

13.176 

63.738 

25.316 


- 1.307 
0.000 
0.011 
0.633 
1 .264 

1*906 

2*556 

3*222 

3*898 

4*585 

5*285 

5.998 

6.723 

7.462 

8.215 

6.981 

9.762 

10*558 

11.369 

12.195 

1 3.038 
13.896 
14.771 
15.663 
16 . 57 ? 

17.499 
1 6 .44 4 
19.407 

20.389 

21.389 

22.410 
23.450 
24.509 
25.590 
_ 26. 1 71 
34.113 

34.630 

35.730 
36.830 

37.930 

39.030 

40.1 30 

41.230 
42.330 

43.430 

44.530 
45*630 

46.730 
47 . 8‘>0 

48.930 

50.030 

51 . 1 30 

52.230 
53*330 

54.430 

55.530 

56.630 

57.730 
58*830 

59.930 

61 .030 
^61 .696 

2 30.011 
230.530 


IS pccemb«rjl9^ 




Re 
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RHENIUM (Re) 


(REFERENCE STATE) 


gfw = 166. 22 


0®K to 345J®K 
3453®K to 5960®K 
5960®K to 6000°K 

Ah^o * 0 

AHa298. IS 
Tjn = 3453°K 
= 5960®K 

HS 98 , 15 “Hq a 1. 307 kcal gfw-1 
Cp a 5. 883 + 0. 876 x lO'^T + 0. 0177 

Cp = 11. 000 cal deg K'^g/W* 
Structure 


Cryatal 

Liquid 

Ideal Monatomic Caa 
^”?298. 15 = ® 

$298 1 5 ~ ^gfw~ ^ 

Ah^= 7. 942 kcal gfw"^ 

Ah^ = 168. 315 kcal gfW^ 

lO’^T^ cal deg K‘*gfw"‘ 

298. 15°K ^ T ^ 3453®K 
345 4®K ^ T ^ 5960®K 


An h. c. p. (A3) type. 
Heat of Formation 


Zero by definition. 

Heat Capacity and Entropy 

Entropy baaed on Keeaom et ^ High-temperature beat-capacity data 
of Jaeger et al^ joined to low-temperature data. Liquid heat capacity eatimated. 

Melting and Vaporiaation 

Heat of fuaion eatimated. Sima et al^ melting point adopted. Heat of 
vaporisation calculated and baaed on Sherwood et al. ^ 

Referencea 


1. Keeaom. P. H. and C. A. Bryant. Phya. Rev. Lettera^ 260 (1959). 

2. Jaeger, F. M. and E. Roacnbohm, Proc. Acad. Sci. Amaterdam 
36, 786 (1933). 

3. Sima, C. T. . C. M. Craighead^nd R. I. Jaffee, J. Metala 7, 168 
(1955). 

4. Sherwood, E. M. et al, J. Electrochem. Soc. 1 02, 650 (1955). 


ftHCNIUM (Re) fREFER£NCE STATE) GFW • 186.2? 

SUMMARY f F UNCERTAINTY ESTIMATES 



ro 

a 

piv 

• . . 1 

T.*X 

s 



298.15 

40.040 

40.050 

40.050 

1000 

40.100 

40.090 

40.070 

2000 

4 0.500 

40.290 

40.130 

3000 

41.000 

40.600 

40.240 

3453 

41.500 

40.770 

40.300 

3453 

61.550 

41.210 

40.300 

4000 

41.750 

41.360 

4 0.440 

5000 

4 3.950 

42.010 

40.690 

5960.67 

46.070 

42.690 

40.970 

5960.67 

4 0.009 

40.005 

40.003 


^ Kcml/tjm 

Hj - Mjyj AHj AF| Lof Xp 


4 0.000 
4 0.020 
4 0.320 
4 1.070 
4 1 .640 
4 3.140 
4 3.770 
4 6.620 
411.430 
4 0.012 
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TABLE 224 


rhenium 


ideal monatomic gas 


-« v -<* - o . 

^ 5^60 K, Gaseoua Re from 5960" to 6000* 


to 

K 


T.“|f 


0 

298.15 

300 

UOO 

500 

600 

700 

800 

900 

iOOO 

1100 
1200 
1 300 
UOO 
1500 

1600 
1 700 
1800 
1 900 
2000 

2100 

?20v. 

2300 

2400 

2500 

2600 

2700 

2800 

2900 

3000 

3100 

3200 

3300 

3400 

345 '^ 

3453 

3500 

3600 

3700 

3800 

3900 

4000 

4100 

4200 

430 C 

4400 

4500 

4600 

4700 

4800 

4900 

5000 

5100 

5200 

5300 

5400 

5500 

5600 

5700 

5800 

5900 

5960.67 ^ 

5960 . 67 ** 

6000 


- 

tal/^K « 


T 

4 

*1 <» A 

-<Ft - 

0.000 

0.000 

infinite 

4.966 

45.133 

45.133 

4.968 

45.163 

45.133 

4.968 

46.593 

45.328 

4.968 

47.701 

45.696 

4.968 

48.607 

46.100 

4.968 

49.373 

46.521 

4.968 

50.036 

46.920 

6.968 

50.622 

47.299 

4,968 

51.145 

47,650 

4.966 

51.619 

47.997 

4.969 

5 2.051 

40.31 7 

4.971 

52.449 

48.620 

4.974 

52.817 

48.907 

4 . 97 Q 

53.160 

49.179 

4.989 

53.482 

49,438 

5.004 

53.785 

49.685 

5.025 

54.071 

49.921 

5.056 

54.344 

50.146 

5.097 

54.604 

50,363 

5.150 

54.854 

50.571 

5.218 

55.095 

50.771 

5.301 

55.329 

50.964 

5.401 

55.557 

51.151 

5.518 

55.779 

51.331 

5.655 

55.998 

51.507 

5.810 

56.215 

51 ,677 

5.984 

56.429 

51 ,843 

b . 1 78 

56.642 

52.005 

6.390 

56.855 

52,163 

6.620 

57.069 

52.318 

6.866 

57.283 

52.469 

7.127 

57 . i .98 

52.619 

7.402 

57.715 

52. 765 

7.552 

57.030 

.,. 52 . 842 .. 

* 7 . 552 *" 

** 57 . 830 * 

52.842 

7.688 

57.933 

52.910 

7.984 

50.154 

53.052 

8.288 

58.377 

53.193 

e .596 

58,602 

5 ?.333 

6.908 

58.829 

53-471 

9.220 

59.059 

53.608 

9.531 

‘ 9,290 

53.743 

9.838 

59,524 

53,870 

10 . 1 38 

59.759 

54,012 

1 0.431 

*■ 9,995 


10.714 

60.233 

54.278 

1 0.986 

60.471 

54,410 

1 1.244 

60 . 71 0 

54.542 

1 1 .489 

60.950 

54.673 

11.719 

61.189 

54.803 

11-932 

61 .428 

54,9 »3 

12.130 

61 .666 

55.063 

12.311 

61.903 

55.192 

12.475 

62.139 

55. 321 

12.623 

62.374 

55.450 

12.754 

67.607 

5‘*.578 

12.869 

62.838 

55.705 

12.968 

63.066 

55,832 

1 3.052 

63.293 

55,959 

1 3.122 

63.516 

56.085 

13,15 7 .. 

, , 63 . 650 . 

56 . 161 ,. 

* 13.157 

* * 63.650 

* * * 56.161 

13.178 

63.738 

56.21 1 


X 


- 1 .481 

185.196 

185.196 

0.000 

185. 370 

174.563 

0.009 

185.368 

1 74.496 

0,506 

185.243 

170.890 

1 .003 

185.109 

167.318 

1.500 

184.964 

163.772 

1 .996 

184.808 

160.253 

2.493 

184.641 

156,756 

2.996 

184.462 

153.281 

3.487 

184.272 

149,027 

3.984 

184.069 

146.393 

4.481 

183.853 

142.976 

4 . 97 B 

183.634 

1 39,579 

5.475 

183.383 

136.261 

5.972 

183.1 27 

1 32.838 

6.471 

182.860 

129.495 

6.970 

18 .578 

126.168 

7.472 

182.204 

122.858 

7.976 

181 .977 

119.567 

8.483 

181.658 

116.288 

8.995 

181. 327 

113.029 

9.514 

180.968 

109.785 

10.040 

1 80.639 

106.556 

10.574 

180.281 

103.343 

11.120 

179.918 

100.145 

1 1.679 

1 79.550 

96.960 

12.252 

1 79.178 

93.791 

12.841 

1 78.804 

90.635 

13.449 

170.430 

87.492 

14.078 

1 70.059 

84.363 

14.728 

1 77.688 

81 .247 

15.402 

177. 322 

78.144 

16.101 

1 76.962 

75.048 

16.828 

176.668 

71.966 

1 7.224 

..1 76 . 423 .., 

70.3 3 7 ^ 

1 7 . 224 ”' 

16 «) <.81 

70.337 

1 7.582 

168 . J 2 

68.998 

18.366 

l 6 8 . 0>./6 

66.167 

19.179 

167.719 

63. 344 

20.023 

If 7.463 

60.525 

20.899 

167.239 

57.711 

21-805 

167.045 

54.906 

22.743 

166.88 ) 

52.108 

23.71 1 

166.751 

49,311 

24.710 

166.650 

46.514 

25.739 

166.579 

43. 72 1 

26.796 

1 66 * -} >6 

40.929 

27.881 

166.521 

38.1 38 

28-993 

16^.533 

35.346 

30.129 

1 6 o • 569 

32.552 

31 .290 

166.6 30 

29.766 

32.473 

166.713 

26.970 

33.676 

166.816 

24 . 174 , 

34.898 

166.938 

21.378 

36.1 38 

16 7.078 

18,574 

37.393 

167.233 

15,767 

38.662 

167.402 

12.962 

39.943 

167.583 

10.157 

41.235 

167.775 

7.34 2 

42.536 

167.976 

4,526 

43.845 

168 . 1 85 

1.709 

, , 44 . t ‘* l „ 

., 168.315 

0.000 


44 . 64 ; 
45. 160 


IS December 1962 


Re 


345 3* K, 




infinite 

- 127 .952 
- 127.114 
- 93.366 
- 73.131 

- 59.651 

- 50.031 

- 42.822 

- 37.220 

- 32.743 

- 29 . 0 B 4 
- 26.036 
- 23.464 
- 21 *261 
- 19.354 

- 17.687 

- 16.291 

- 14.916 

- 13.753 

- 12.707 

- 11.762 

- 10.906 

- 10.125 

- 9.410 

- 0.754 

- 8.150 

- 7,591 

- 7.074 

- 6.593 

- 6.146 

- 5.728 

- 5.337 

- 4.970 

- 4.626 

.,.- 4.452 

- 4.452 

- 4.300 

- 4,017 

- 3.741 

- 3.481 

- 3.234 

- 3.000 

- 2.777 
- 2.566 
- 2.364 
- 2.171 
- 1 .988 

-1 .812 
- I .644 
- 1 .482 
- 1 .320 
- 1.179 

- 1.036 

-0.890 

- 0.766 

- 0.638 

- 0.515 

- 0.396 

-0.281 

- 0.171 

- 0 . 06 ? 

0.000 


RCF 
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RHENIUM (Re) 


(IDEAL, MONATOMIC GAS) 


glw • 186. 22 


Ah°o = 185. 196 kcal gfw* i^H£298. 15 = >85. 370 kcal gfW* 

Ground State Configuration » ^$ 2 ^ ®298 15 * ***8 K'^gfw'* 

”298. 15-”o = 

Electronic Lcvela and Multiplicities 
Spectroscopic energy levels from Moore. ^ 

Heat of Formation 

Third-Law calculation. Sherwood et al^vapor- pres sure data. 

Heat Capacity and Entropy 

Calculated on monatomic -gas computer program. 

References 


1. Moore, C. , Nat. Bur. Stds. (U. S. ) Circ. 467, Vol. 3(19S8). 

2. Sherwood, E. M. et al, J. Electrochem. Soc. 102, 650 (1955). 


AHCNIUMf 

MSNATSHIC 

(Re) 

SUMMARY 

(IDEAL GAS) 

UNCERTAINTY ESTIMATES 

GFW 

• 186.2 



...1 f .f.. 


_ K( at i(«' — 



T,*K 



"n 0 ^ 

-(F-r - M29e)''T 

- H29g 

ah; 


> "8 

298.15 

6 0.000 

4 0.002 

4 0.002 

4 0-000 

t 1 .500 

4 1.520 

41.110 

1000 

± 0.000 

4 0.002 

4 0.003 

40.000' 

4 1.520 

4 1 .570 

4 0. 340 

2000 

* 0.000 

* 0.002 

A 0.003 

40.000 

4 1.820 

4 1 . 760 

40.192 

3000 

6 0.001 

4 0*003 

4 0.003 

4 0.001 

42.570 

4 2.220 

40.160 

3953 

* 0.002 

40.003 

4 0.003 

4 0.00 1 

4 3.l*.0 

4 2.540 

*0.160 

3453 

4 0.002 

4 0.003 

4 0.00 3 

4 O.OCl 

4 4.640 

4 2. 54,0 

40.160 

4000 

* 0.003 

4 0.003 

4 0.003 

4 0.002 

4 5.270 

4 3.260 

40.180 

5000 

± 0.006 

4 0.004 

4 0.00 3 

40.006 

t 8. 1 30 

44.950 

40.220 

5960.67 

5960.67 

± 0.009 
±0.009 

4 0.005 

4 0.005 

4 0.003 

4 0.003 

40.012 

4 0.01 2 

4 12.9^0 

4 7,^00 

4 0.2 70 
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TABLE 2^5 


RHODIUM 


reference state 


Reference SUte for CelcuUtine AH; aV ^ * 

Liquid Rh from 2239- to ^ 2239'K, 

— K, Geaeoue Rh from 3996* to 6000* K 


t.-k 


0 

? 9 S .15 

300 

4»00 

500 

600 

700 

800 

900 

1000 

lion 
1200 
1 300 
1400 
1500 

1600 
1 700 
1800 
1 900 
2000 


2100 

720 '^ 

2239 

2239 " 

2300 

2400 

2500 


2600 

2700 

2800 

2900 

3000 

3100 

3200 

3300 

3400 

3500 




0.000 

5.940 

5.947 

6.262 

6.517 

6.747 

6.966 

7.180 

7.389 

7.597 

7.803 

8.008 

8.212 

8.416 

8.620 

8.823 

9.026 

9.229 

9 . 43 ? 

9.634 

9.837 
10.039 
0 • 1 1 8 _ 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10,000 


H '■<fj - H 


299 ^ H 


Kcm\/glw 
298 ^**1 


0.000 

7.530 

7.567 

9.323 

10.748 

11.957 
13.014 

13.958 
14.816 
15.605 

16.339 

17.026 

17.675 

18.292 

18.879 

19.442 

19.983 

20.505 

21.009 

21.498 

21 .973 
22.435 
_ 22 . 612 _ 
24.912 
25.181 
25.607 
26.015 

26.407 

26.785 

27.140 

27.499 
27.838 

28.166 

26.484 

28.791 

29.090 

29.300 


infinite 

7.530 

7.530 
7.76 7 
8.225 

8.749 
9.284 
9.81 1 
10.320 
10.809 

1 1 .279 
11.730 
12.162 
12.578 
12.979 

13. 365 
13.739 
14.100 
14.451 
14.791 

15.122 

15.444 

_ 15.567 

15.567 

15.818 

16.217 

16.601 

16.971 
1 7.327 
17.672 
18.005 
18. 32 7 

18.639 

18.942 

19.235 

19.521 

19,798 


-1.174 

o.ooo 
0.011 
0.622 
1 .261 

1 .925 
2.611 
3.318 
4.046 
4.796 

5.566 

6«356 

7.167 

7.999 

8.650 

9.722 
10.615 
1 1.526 
12.461 
13.414 

14.388 

15.381 

15.774 

20.924 

21.534 

22.534 

23.534 

24.534 

25.534 

26.534 

27.534 

28.534 

29.534 

30.534 

31.534 

32.534 

73.534 




Kp 


3600 

10.000 

29.661 

20.069 

34.534 

3700 

10.000 

29.935 

20.332 

35.534 

3800 

10.000 

30.202 

20.588 

36.534 

3900 

10.000 

30,462 

20.038 

37 , 53 *. 

3995 . 

85 10.000 

30. 706 

21 . 07 ? 

38.497 

3995 • 

05 6.763 

60.269 

21 . 07 ?“" 

156.642 

4000 

6.764 

60.2 7 *. 

21.100 

1 56.667 

4100 

6.778 

60.442 

22.065 

157.344 

4200 

6.793 

60.606 

22.982 

158.022 

4300 

6.808 

60.766 

23.859 

1 58 . 70 ? 

4400 

6.823 

60.923 

24.699 

159.384 

4500 

6.839 

61 .076 

25.506 

160.067 

4600 

6.854 

61 .227 

26.261 

160. 752 

4700 

6.870 

61 .374 

27.025 

161 .436 

4800 

6.887 

61 .519 

27.743 

162.126 

4900 

6.90 3 

61 .661 

28 . 43 -. 

162 . 81 5 

5000 

6.920 

61 .801 

29. 100 

63.506 

5100 

6.937 

61.938 

29.742 

164.199 

5200 

6.955 

62.073 

30. 363 

164.894 

5300 

6.973 

62.206 

30.963 

165.590 

5400 

6.992 

62.336 

31.542 

166.288 

5500 

7.011 

62.465 

32.104 

1 66.988 

5600 

7.0 30 

62.591 

32.646 

167.691 

5700 

7.051 

62. 716 

33.173 

168. 395 

5600 

, 7.072 

62.638 

33.683 

169.101 

5900 

* 7.093 

62.960 

34.179 

169.809 

6000 

7.115 

63.079 

34.659 

1 70.519 
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RHODIUM (Rh) 


(REFERENCE STATE) 


gfw = 102. 91 


O^K to 2239®K CrysUl 

2239®K to 3996®K Liquid 

3996®K to 6000®K Ideal Monatomic Gas 


Ah^ -- 0 

^«6298. J5 = ‘32. 770 kcal g/w'^ 

= 2239®K 
Tb = 3996®K 

”298. 15’”0 = >174 kcal gfW* 

Cp = 5. 600 + 2. 020 X lO'^T - 0. 2334 

Cp = 10. 000 cal deg K'‘gfw-‘ 
Structure 


^”£298. IS - ^ 

®298. 15 " 7. 530 cal deg K*^gfw”‘ 
Ah^ = 5. 150 kcal gfw‘‘ 

AHv = 118. 145 kcal gfw** 

lO^T-^ cal deg K'lgfW* 

298. 15®K ^ T ^ 2239°K 
2239°K < T C 3996°K 


An f. c. c. (Al) type. 
Heat of Formation 


Zero by definition. 

Heat Capacity and Entropy 

Kelley and King's^ ^298 adopted. High-tempcrature heat-capacity 

equation joined to lov^temperature data. See volume 1, this study (section 
1VA22) for details. 

Melting and Vaporization 

Heat of fusion estimated. Melting-point values of several authors 
reported. Heat of vaporization calculated. Several vapor-pressure measure- 
ments reported. See volume 1, this study (section IVA22) for details 

Reference 


1. Kelley. K. K. and E. G. King. U. S. Bur. Mines, Bull. 592 (1961). 


AKSOIUM (Rh) 


< REFERENCE STATE) 


GFW • 102.91 


SUMMARY ^ uncertainty ESTIMATES 




cal/^K ffw- 







r^o 







t.*k 

"p 

5^ -<P 

T - 

HT-H298 


af/ 

Log Kp 

29t.l5 

A 0.070 

A 0.050 

A 0.050 

A 0.000 




1000 

A 0.100 

A 0.110 

A 0.070 

A 0.040 




2000 

ii 0.200 

A 0.220 

A 0.120 

A 0.190 




2239 

A 0.200 

A 0.240 

A 0.140 

A 0.230 




2239 

A 0.500 

A 0.600 

A 0.140 

A 1*030 




3000 

A 2.000 

A 0.960 

A 0.300 

A 1 .980 




3995 *09 

A A. 000 

A l.t20 

A 0.580 

A4.970 




3995* 09 

A 0.001 

A 0.003 

A 0.003 

A 0.002 




5000 

A 0.001 

A 0.003 

A 0.003 

A 0.002 




5000 

A 0.001 

A 0.003 

A 0.003 

A 0.003 
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TABLE Ilk 


RHODIUM 


ideal monatomic gas 

R»Ur«ne« Suu^r Calc^*ting AHJ, AFJ, and Log Kp: Solid Rh from 0 * to 2239 *K, 
liquid Rh from 2239- to 399^- K. Ga.eou. Rh*irom 3996- to 6000* K 




c*l/*K gi-. 





T.H 



; 

“t “ ”298 



LofKp 

0 

298*1 b 

0*000 

0.000 

IhFiNiTC 

-1.483 

132*461 

132*461 

INFINITE 

300 


44.388 

44.388 

0*000 

132.770 

121*781 

-89.264 

400 



44.388 

0*009 

132*768 

121*713 

-88.664 

500 


45 * 86 3 

44,587 

0*516 

132*666 

118*042 

-64.492 


47,060 

44.967 

1*046 

132.554 

114*398 

-50.001 

600 

700 

800 

900 

1000 

5*616 

48*062 

45.402 

1.596 

1 32*441 

110*778 

-40.349 

5*839 

48.945 

45.846 

2*169 

132*328 

107.177 

-33.461 

6*0 34 

49.738 

46*284 

2*763 

132*215 

103*591 

-28.298 

6*198 

50*458 

46.706 

3*375 

132*099 

100*021 

-24.287 

6*329 

51 *118 

47.117 

4.002 

131*977 

96*463 

-21.081 

1100 

6*430 

51 .727 

47.508 

4*640 

131*844 

92*918 

-18.460 

1 200 

6 * 505 

52.290 

47.664 

5*287 

131 . 70l 

09*364 

-16.276 

1 300 

6*558 

52.812 

48.243 

5.940 

131*543 

85*865 

-14*435 

1 400 

6*594 

53*300 

40.587 

6*598 

131*369 

82*359 

-12.856 

1500 

6*617 

53.756 

48.917 

7.259 

131*179 

78.863 

-11.490 

1600 

6*629 

54.183 

49.232 

7*921 

1 30*960 

75.383 

-10*296 

1 700 

6*635 

54.585 

49.536 

8*584 

130.739 

71.913 

-9*245 

1 800 

6.636 

54.965 

49.827 

9*248 

130*490 

68.461 

-8*312 

1900 

6*634 

55.323 

50.107 

9*911 

130*220 

65*024 

-7.479 

2000 

6.631 

55.663 

50.376 

10*575 

129,931 

61 *600 

-6*731 

2100 

o . *>2i 

55*987 

50.636 

1 1*237 

129.619 

58*191 

-6.056 

2200 

6.623 

56.295 

50.886 

1 1*900 

129.289 

54.798 

-5*443 

2239 

. .6.622 

.56.410 50.900 

12*158.. 

-129,154. 

-- 53*480. 

. - -5*220 

2239 

6.622 

56.410 

50.980 

12*158 

124.004 

53*400 

-5*220 

2300 

6.620 

56.589 

51.128 

12.562 

123* 798 

51.557 

-4*099 

2400 

6.616 

56.871 

51.361 

1 3*224 

123.460 

40.424 

-4,409 

2500 

6.618 

57.141 

51.587 

1 3*886 

123.122 

*5.305 

-3.960 

2600 

6.620 

57.401 

51.806 

14*548 

122.784 

42.199 

-3.547 

2700 

6.623 

57.651 

52.017 

15*210 

122.446 

19.107 

-3*165 

2800 

6.627 

57.892 

52.223 

15.872 

122*100 

36.027 

-2.812 

2900 

6.634 

58.124 

52.422 

16*535 

121.771 

32*961 

-2*484 

3000 

6.641 

58.349 

52.616 

17*199 

121*435 

29.903 

-2*178 

3100 

6.650 

58.567 

52.805 

1 7*864 

121*100 

26,855 

-1 *893 

3200 

6.660 

58.779 

52.988 

18*529 

120.765 

23.820 

-1 *627 

3 300 

6.671 

58.904 

53.167 

19*196 

120*432 

;i. 794, 

-1*377 

3400 

6.683 

59.183 

53.341 

19.863 

120.099 

1 / .782 

-1*143 

3500 

6.695 

59.377 

53.51 1 

20.532 

119.768 

,774 

-0.922 

3600 

6.708 

59,566 

53.676 

21 .202 

119*430 

11.701 

-0.715 

3700 

6*721 

59.750 

53.818 

21*874 

119.110 

8.794 

-0.519 

3000 

6.735 

59.929 

51.996 

22.547 

118.703 

5.820 

-0*335 

1900 

6. 74.9 

60.104 

54.150 

23.221 

1 10.457 

2. 049 

-0*160 

3995.89 

.. 6*763... 

.60.269. 

54.295 

»23.872 

110*145 

0,000 

0*000 

3995*89 

6.763 

60.269 

54.295 

23*872 




4000 

6.764 

60.275 

5 4 . 30 1 

23*897 




4 100 

6* '78 

60.442 

54,449 

24.574 




4200 

6.793 

60.606 

54.594 

25.252 




4300 

6.808 

60.766 

54.735 

25*932 




4400 

6.823 

60.921 

54.874 

26*614 




4 5 00 

6.839 

61 .0 ;6 

55.010 

27*297 




460C 

6*854 

61 .227 

55.144 

27*982 




4700 

6.870 

61 .374 

55.275 

20*668 




40CO 

6.887 

61.519 

55.403 

29*3 




4900 

6*903 

61 *661 

55.530 

30*04 




5000 

6*920 

61 *801 

55,654 

30.736 




5100 

6.937 

61.938 

5S.775 

31*429 




5200 

6*955 

62*073 

55.895 

32*124 




5300 

6.971 

62*206 

56.013 

32.820 




5400 

6*992 

62.336 

56.129 

33.510 




5500 

7.611 

62.46*i 

56.243 

34*218 




5600 

7*030 

62*''’! 

56.355 

34.921 




5 700 

7*051 

67. M6 

56.466 

15*625 




5800 

7.072 

62.838 

56.575 

36*331 




5900 

7*091 

62.960 

56.682 

37.039 




6000 

7*115 

61.079 

56.707 

37*749 
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RHODIUM (Rh) 


(IDEAL MONATOMIC GAS) 


gfw = 102. 91 


Ah°o= 132.461 kcalgfw-1 Ah^ 298 , i 5 = * * 

Ground State Configuration =^F 4 i. ^298. 15 " K'^gfw** 

H 298 . IS'Hq = 1. 483 kcal gfw** 

Electronic Levels and Multiplicities 
Spectroscopic energy levels from Moore. ^ 

Heat of Formation 

An average of two determinations adopted. See volume 1, this study 
(section IVA22) for details. 

Heat Capacity and Entropy 

Calculated on monatomic-gas computer program. 

Reference 

1. Moore. C. . Nat. Bur. Stds. (U. S. ) Circ. 467. Vol. 3 (May 1958). 


RHSDiUMf MSNATSMK (Rh) 


i IDEAL OASI 


GFW • 102.91 


§Vt tf<A«r fi£ UaCIRTAIIlTl estimates 



^ o 

9 

o o 


S 

St 

(Ft - H29,)/T 

29 a . 15 

4 0.000 

4 0.002 

4 0*002 

1000 

4 0.001 

4 0.002 

4 0.003 

2000 

4 0.001 

4 0.003 

4 0.003 

2239 

4 0.001 

4 0.003 

4 0.003 

2239 

4 0.001 

4 0.003 

4 0*003 

3000 

4 0.001 

4 0.003 

4 0.003 

3995.89 

4 0.001 

4 0.003 

4 0.003 

3995.89 

4 0.001 

4 0.003 

4 0.003 

4000 

4 0.001 

4 0.003 

4 0.003 

5000 

4 0.001 

4 0.003 

4 0.003 

6000 

4 0.001 

4 0.003 

4 0.003 


/ 0 o 

”t “ ”298 

\ h ; 


log Kj, 

40.000 

41.600 

4 1.620 

4 1 .190 

40.000 

41.660 

4 1.670 

4 0.360 

40.001 

41.790 

4 1 .650 

40.200 

40.001 

41.830 

4 1.920 

4 0.190 

40.001 

42.630 

4 1.920 

4 0.190 

40.001 

43.580 

4 2.520 

40.180 

40.001 

46.570 

4 3.930 

4 0.210 

40.002 




40.002 




40.002 




40.003 
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TABLE 227 


SCANDIUM REFERENCE STATE SC 

Reference State for Calculating AHf, AFf, and Log Kpi Solid Sc from 0* to 1812*K 
Liquid Sc from 1812* to 302 1*K, Gaaeoua Sc from 3021* to 6000* K 


T.-K r.; 4 ah; Af';' Lo^K^ 


0 

0*000 

0.000 

INFINITC 

-1.280 

298.16 

6.000 

9.000 

9.000 

0.000 

300 

6.002 

9.037 

9.000 

0*011 

kOO 

6.110 

10.778 

9.236 

0.617 

500 

6.218 

12.154 

9.688 

J .233 

600 

6.326 

13.297 

10.197 

1.860 

700 

6.434 

14.280 

10.71 1 

2.498 

800 

6.542 

15.146 

11 .212 

3.147 

900 

6.650 

15.923 

1 1 .693 

3.807 

1000 

6.758 

16.629 

12. 152 

4.477 

1 100 

6.866 

17.278 

12.589 

5.158 

1200 

6.974 

1 7.880 

13.005 

5.850 

1300 

7.082 

18.443 

13,402 

6.553 

1400 

7.190 

18.972 

13.782 

7.267 

1 son 

7.328 

19.471 

14.144 

7.991 

1600 

7. 406 

19.946 

14.492 

8.726 

1608 

7.415 

19.984 

14.520 

8.786 

1608 ' 

8.000 20.202 

14.520 

9.136 

1 700 

8.000 

20.647 

14.840 

9. 872 

1800 

8.000 

21.104 

15.175 

10.67; 

1812 

8.000 

21 .158 

15.215 

i6.768 

1812 

8.000 

'23.238 

15.215 

“l4,53f 

1900 

8.000 

23.618 

15.596 

15.242 

2000 

8.000 

24.028 

16.007 

16.042 

2100 

8.000 

24.418 

16.398 

16.842 

2200 

8.000 

24.790 

16.771 

17.642 

2300 

8.000 

25.146 

17.128 

18.442 

2400 

6.000 

25.486 

1 7.468 

19.242 

2500 

8.000 

25.813 

1 7.796 

20.042 

2600 

8.000 

26.127 

18.111 

20.842 

2700 

e.ooo 

26.429 

18.41 3 

21 .642 

2800 

8.000 

26.720 

18.705 

22.442 

2900 

e.ooo 

27.000 

16.986 

23.242 

3000 

8.000 

27,271 

19.257 

24.042 

3021 

e.ooo 

27.326 

19.312 

24.210 

3021 

6.248 

53.651 

19.312 103.731 

3100 

6.397 

53.815 

20.193 

104.229 

3700 

6.5 99 

54.021 

21 .246 

104.879 

3300 

6.810 

54.227 

22.242 

105.549 

3400 

7.031 

54.434 

23.187 

106.241 

3500 

7.259 

43.641 

24.082 

106.955 

3600 

7.492 

54.849 

24,934 

107,693 

3700 

7.730 

55.057 

25.745 

100.454 

3800 

7.969 

55.267 

26.520 

109.239 

3900 

8.208 

55,477 

27,260 

110.048 

4000 

8.446 

55.688 

27.968 

110.081 

4100 

8.680 

55.899 

28.646 

111.737 

4200 

8.909 

56.111 

29.298 

112.616 

4300 

9.132 

56.323 

29.923 

113.510 

440Q 

9.347 

56.536 

30.526 

114.442 

4500 

9.554 

56.748 

31.106 

115.386 

4600 

9.750 

56.960 

31.666 

116.353 

4700 

9.936 

57.172 

32.207 

117.337 

4800 

10.111 

57.383 

32.729 

11 ^k6 

4900 

10.274 

57.593 

33.234 

119.359 

5000 

10.425 

57.802 

33.723 

120.394 

5100 

10.563 

58.010 

34.197 

121 *444 

5200 

10.689 

58.216 

34.657 

122. 50A 

5300 

10.803 

58.421 

35.104 

123.581 

5400 

10.905 

58.624 

35.538 

124*667 

5500 

10.994 

58.825 

35.959 

125.762 

5600 

11.072 

*9.024 

36.370 

126.865 

5 700 

11.139 

5‘*'.220 

36.768 

127.976 

5800 

11.190 

59.415 

37.158 

129.093 

5900 

11.242 

59.606 

37.536 

130.215 

6000 

11.279 

59.796 

37.906 

131.341 
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SCANDIUM (Sc) 


glw e 44. 96 


(REFERENCE STATE) 

0 •K to 181^ 'K Crystal 
1812 •K to 3021 "K Liquid 
3021 'K to 6000 'K Ideal Monatomic Gaa 


AH;29g 15 
T^ = 1608 “K 

T = 1812 -K 
m 

T^ = 3021 -K 

»298.15 -H;» 1.280 Kcalgfw-' 

CJ,^ = 5. 68 + 1. 08 X 10“^ T cal deg K 

C* = 8. 0 cal deg K’^ gfw'* 

P 


""f298. 15 _j 

®298. ,5 » 9.0 cal deg “ gfw 
A = 0. 350 Kcal gfw “ 

AH * 3. 770 Kcal gfw"^ 

-1 

ah « 79. 521 Kcal gfw 


1 


gfw‘* 298. I5*K < 1608 "K 
1608 •K < 3021 •K 


Structure 

Low temperature form is h. c. p. ; high temperature lorm is probably b. c. c. 
Heat of Formation 

Zero by definition. 

Heat Capacity and Entropy 

Low temperature data estimated by Kelley and KingV High temperature 
data estimated by Kelley^. 

Melting 

Melting point by Spedding ^ al . 

Vaporization 

Based on data of Spedding et al. ^ 

4 

Further details given by Barriault et al. 

R eferences 

1. Kelley, K.. E. King, Bur. Mines. Bull. 592 (1961). 

2. Kelley, K., Bur. Mines. Bull. 584 (1960). 

3. Spedding, F. H. , et Trans AIME £1£ 608 (1960). 

4. Barriault, R. .et^, ASD-TR -61 -260(May 1962), Pt. I. 


scAhotUM (Sc) (RcrcfttNcE state I 

SUteitU If UWCERT8IWTY ESTIMATES 


GFW • *<>.9S 




c.l/«K rntm 






r o 







T,*K 

s 


-('t - 

Hx-Mjye 

AH, 

AF,' 

L«»f Kp 

0 




^ .040 




298.15 

a 0.200 

a 0.500 

a 0.500 

a O.OOO 




1000 

a 0.350 

a 0.830 

a 0.640 

a 0.190 




1608 

a 0.500 

a 1 .090 

a 0.800 

a 0.460 




1608 

a 1.000 

a 1.150 

a 0.800 

a 0.560 




181? 

a 1.500 

a 1 . 300 

a 0.850 

a 0.810 




1812 

a 0.400 

a l.alO 

a 0.850 

a 1.010 




3021 

a 2.300 

a 2.100 

a 1.220 

a 2.640 




3021 

a O.OOl 

a 0.002 






4000 

a 0.002 

a 0.003 






5000 

a 0.002 

a 0.003 






6000 

a 0.002 

a 0.003 









TABLE 228 


SCANDnJM 


ideal monatomic gas 


for CAlculatino Al-is a ct ^ v 

^^^'J'c:::^oXfro^'iozr i:tooo.k ■**'■''' 


Sc 


T,»K 


0 

0,000 

298.15 

5.283 

300 

5.279 

400 

5,148 

500 

5,085 

600 

5.049 

700 

5.028 

600 

5.014 

900 

5.004 

1000 

4.997 

1100 

4.992 

1200 

4,989 

1300 

4.968 

1400 

4,989 

1500 

4.993 

1600 

5.001 

1608 

5.002 

1606 

5.0o. 

I 700 

5.014. 

1800 

5 ,0 

1812 

5.0^7 

1812 

» .0 i?’ 

1900 

5,062 

2000 

5,099 

2100 

5,148 

2200 

5.208 

2 300 

5.262 

2400 

5.369 

7500 

5,472 

2600 

5,589 

2700 

5,722 

2600 

5,869 

2900 

6.032 

3000 

6,208 

3021 

6,248 

3021 

6,248 ■ 

3100 

6,397 

3200 

6,599 

3300 

6.810 

3400 

7.031 

3500 

7.259 

3600 

7.492 

3700 

7.730 

3800 

7.969 

3900 

8.206 

4000 

8 . 446 

4100 

8.660 

4200 

6.909 

4300 

9.132 

4400 

9.347 

4500 

9.554 

4600 

9.750 

4700 

9.936 

4800 

10.111 

4900 

10.274 

5000 

10,425 

5100 

10,563 

5200 

10,689 

5300 

10,803 

5400 

10,905 

5500 

10.994 

5600 

11,072 

5 700 

11,139 

5800 

11,196 

5900 

11,242 

6000 

11,279 


-caJ/’^K 


-(Ft 


»29S)' 


0,000 
41 .750 
41,785 
43,281 
44.<i22 

45,346 

46.122 

46,793 

47.383 

47.909 

48,386 

48,620 

49,219 

49,589 

49.933 

50.256 
.50.280 
5/). 280 
50.559 
50.846 
50.879 
50.879*' 
51.119 
51.380 


51 .630 
51,870 
52.103 
52.330 
52.551 

52.768 

52.981 

53.192 

53.401 

53.608 

53.651 

53,651'* 

53,815 

54,021 

54.227 

54.434 

54.641 


infinite 

41.750 

41.750 
41.955 
42.339 

42.765 

43.191 

43.600 

43,968 

44,355 

44,700 

45.025 

45.333 

45,624 

45.900 


46,162 

,46,182 

46.182 

46,412 

46,650 

46.677 

46.677'‘ 

46,878 

47.097 


54.849 

55.057 

55.267 

55.477 

55.688 

55.399 

56.111 

56.323 

56.536 

56.748 

56.960 

57.172 

57.383 

57.593 

57,802 

56,010 

58.216 

58,421 

58,624 

58,825 

59.024 

59.220 

59.415 

59.606 

59.796 


47.307 

47.509 
47.704 
47.892 
48.074 

48.250 

48.421 

48.586 

48.750 

48.909 

48.941 

48.941 

49,064 

49,215 

49,364 

49.510 
49.654 

49.795 

49,935 

50.072 

50.208 

50.342 

50.475 

50,607 

50.738 

50.867 

50,995 

51.123 

51.249 

51.375 

51,499 

51.623 

51.747 

51.869 

51.991 

52.112 

52.232 

52.351 

52.470 

52.568 

52.706 

52.822 



Kcal/ffw 



f f% o 

ahJ" 


*fp 

-1 .674 

89.106 

89. 106 

infinite 

0.000 

89.500 

79.736 

-58.445 

O.OlO 

89.499 

79.665 

-58.033 

0.530 

89,41 3 

76.412 

-41 .748 

1 .042 

89. 309 

73.174 

-31 .983 

1 .548 

89.188 

69.959 

-25,480 

2.052 

89.054 

66.763 

-20,843 

2 • 554 

88.907 

63.590 

-17.371 

3.055 

88.748 

60.434 

-14.675 

3.555 

88.578 

57.297 

-12,522 

4,054 

88. 396 

54.178 

-10.764 

4.553 

88.203 

51.076 

-9.302 

5.052 

87.999 

47,990 

-8,067 

5.551 

87.784 

44,921 

-7 ,0l2 

6.050 

87.559 

41 ,866 

-6,100 

6.550 

87. 324 

38,828 

-5.303 

6.590_.. 

- 87.304 

. 38.587. . 

r 5 .244 

6.590 

86.954 

38.587 

- 5 .244 

7.050 

86.678 

35.828 

-4,606 

7.553 

86. 381 

32.845 

-3,988 

7.614 

.86.346. 

. 32.490 

- ._-3.919 

7.614 

82.576 

32.490 

-3.919 

8.058 

82.316 

30.064 

-3,456 

8.566 

62.024 

27. 320 

-2.985 

9.078 

81.736 

24.591 

-2,559 

9.595 

81.453 

21.876 

-2,173 

10.120 

81.178 

19.175 

-1,822 

10.652 

80.910 

16.482 

-1,501 

11.19^ 

80.652 

13.805 

-1.207 


11,747 
12,312 
12.892 
1 3.487 
14.099 

-.14,231 

14.231 

14.729 

15.379 

16.049 

16.741 

17.455 

18.193 

18,954 

19.739 

20,548 

21.381 

22.237 

23,116 

24,018 

24.942 

25.068 

26.8*5 

27.83 

28.840 
29.859 
30.894 

31.944 

334006 

34.081 

35.167 

36.262 

37.365 

38.476 

39.593 

40.715 

41.841 


60.405 

80.170 

79.950 

79,745 

79,557 

79,521 


11.139 

8.478 

5,826 

3,184 

0,544 

0.000 


-0.936 

- 0.686 

-0,455 

-0,240 

-0.040 

0.000 
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SCANDIUM, MONATOMIC (Sc) (IDEAL GAS) 


gfw ^ 44. 96 


= 89. 106 Kcal glw"^ ' ”f298. 15 " 

Grotind State Configuration ®^98. 15 “ ^ 

”298. 15 - ”0 = 

Electronic levels and multiplicities 

Source of Data 

Energy Eeveiw ''•'ore^. 

Heat of Formation 

Based on vaporization data of Spedding et 
Heat Capacity and Entropy 

Calculated using monatomic gas computer program. 

Further details given by Barriault et al^. 

References 

1. Moore, C. , Atonruc Energy Levels ,Vol, 1, Nat. Bur. Stds. ( 1 949) . 
d. Spedding. F. H.,et aJ^. TranaAlME 218,608 (I960). 

3. Barriault, R. ASD TR-ol .260( May 1962), Pt. I. 


SCANDIUM. MeNATSMlC (Sc) (IDEAL GAS) GFW - Uh,96 

estimates. 






c«l/" 

ic*fw- 





Kc.l -fliw. 







O 



IT 


r o 







T.^K 


s 


4 

-t^T ■ ”298 

)/t' 

”t - ”298 


^M, 




» o* itp 

298.1S 

* 

OaOOO 

± 

0.002 

± 

0.002 

A 

0.000 

A 

0.500 

A 

0.650 

A 

0.480 

1000 

± 

0.000 


0.002 

± 

0.002 

A 

0.000 

A 

0.500 

A 

1.060 

A 

0.230 

U08 


0.000 

* 

0.002 

± 

0.002 

A 

0.000 

A 

0.500 

A 

1.790 

A 

0.240 

1608 


0.000 

* 

0.002 

A 

0.002 

A 

0.000 

A 

0.600 

A 

1.790 

A 

0.240 

1812 


0.000 


0.002 

A 

0.003 

A 

0.000 

A 

0.650 

A 

1.940 

A 

0.230 

1812 


0.000 


0.002 

A 

0.003 

A 

0.000 

A 

1.050 

A 

1.940 

A 

0.230 

3021 


0.001 

± 

0.002 

A 

0.003 

A 

0.001 

A 

2.680 

A 

3.690 

A 

0.270 

3021 

± 

0.001 

* 

0.002 

A 

0.003 

A 

0.001 







4000 

± 

0.002 

± 

0.003 

A 

0.003 

A 

0.002 







5000 

± 

0.002 

± 

0.003 

A 

0.003 

A 

0.004 







6000 

± 

0.002 

± 

0.003 

A 

0.003 

A 

0.005 
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TABLE 229 


SILICON 


reference state 


Reference Sui. Celc^ting AHf . A F? . end Log Kp: Solid SI from 0- to 1690-K. 
3566-K. Ceoue SI from 3566* to 6000-K 


Si 





cal/ **8 ffv. 



t.-k 


p 

4 -<F 

o o ^ 

T - 

rr „ 

0 

298. 

300 

400 

500 

>15 

o.ooo 

4.739 

4.754 

5.330 

5.634 

o.oOo 

4.530 
4.559 
6.01 7 
7.242 

imfinite 

4.530 

4.530 

4.725 

5.109 

-0.769 

0.000 

0.009 

0.517 

1 • 066 

600 


5.831 

8.287 

5.554 

1 .640 

700 


5.981 

9.198 

6.01 1 

2.231 

800 


6.1 14 

10.005 

6 . 46 0 

2.836 

900 

1000 


6.232 

6.340 

10.732 

11.394 

6.895 
7.31 3 

3.453 

4.082 

1 100 


6.441 

12.003 

7.712 

4.721 

1 200 


6.536 

12.568 

8.093 

5 . 370 

1 300 


6.628 

13.095 

8.458 

6.028 

1400 


6.718 

13.589 

8.807 

6.695 

1 500 


6 . 806 

14.056 

9.142 

/•372 

1600 


6.8 

14.498 

9.463 

8.057 

1690 


6.9 

14.877 

9.741 

__ 8.68 1 

1690" 


6.973 

21.948 

9.741 

20.631 

1 700 


6.981 

21.989 

9.813 

20,700 

1 800 


7.068 

22.391 

10.501 

21.403 

1 900 


7.1^* 

22.775 

11.137 

22.114 

2000 


".) 5« 

23,143 

1 1 .728 

22.831 

2100 


7.1.5 

23.492 

1 2.280 

23.546 

2200 


7.U5 

23.825 

1 2. /97 

24.262 

2300 


7.155 

24.143 

13.283 

24.977 

2400 


7.1.5 

24.448 

13.742 

25.693 

2500 


7.155 

24.740 

14.176 

26.408 

2600 


7.155 

25.020 

14.588 

27.124 

2700 


7.155 

25.290 

14.979 

27.839 

2800 


7.155 

25.550 

1 5.352 

26.555 

2900 


7.155 

25.802 

15.708 

29.270 

3000 


7.155 

26.044 

16.049 

29.986 

3100 


7. .55 

26.279 

16.375 

30.701 

3200 


7.155 

26.506 

16.688 

31 .417 

3300 


7.155 

26.726 

16.969 

32.1 32 

3400 


7.155 

26.940 

17.279 

32.648 

3500 


7.155 

27.147 

1 7.550 

33.563 

3565. 

7 ; 

7.155 

27.280 

_1 7,736 

_ 34. 033 

3565. 

77 

5.506 

52.939 

17.736 

125,528 

3600 


5.:>r8 

52.992 

10.071 

125.716 

1700 


5.5! 3 

53.143 

19,01 7 

126.267 

3800 


5.516 

53,291 

1 9,91 7 

126.819 

3900 


5.519 

53.434 

20.774 

127,371 

4000 


5.521 

53.574 

21.593 

127.922 

4100 


5.522 

53.710 

22. 374 

128.475 

4200 


5.522 

53.843 

23.123 

129.027 

4300 


5.522 

53.973 

23.830 

129.579 

4400 


5.522 

54.100 

24,525 

1 30.131 

4500 


5.521 

54.224 

25,184 

1 30.683 

4600 


5.520 

54.345 

25,816 

1 31 .236 

4700 


5.518 

54,464 

26, 424 

131 .787 

4800 


5.517 

54.580 

27.009 

132. )9 

4900 


5.515 

54.694 

27.573 

1 32. 8W 

5000 


5.513 

54.805 

28,117 

133,442 

5100 


5.512 

54.915 

28.642 

133.994 

5200 


5.510 

55.022 

29.148 

I 34.545 

5300 


5.509 

55.126 

29.637 

1 35.096 

5400 


5.508 

55.229 

30.110 

1 35.646 

5500 


5.508 

55.331 

30.568 

1 36.197 

5600 


5.507 

55.430 

31.011 

1 36.748 

5700 


5.508 

55.527 

31,439 

1 37.299 

5800 


5.509 

55.623 

31.656 

I 37.850 

5900 


5.511 

55.717 

32.260 

1 38.401 

6000 


5.514 

•'5.810 

32,651 

1 38.9S2 


-Kcal/ffv 

AM? 




Kp 
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SILICON (Si) 


(REFERENCE STATE) 


gfw M 28. 09 


0®K to I690°k Cry«Ul 

1690®K to 3565. 77®K Liquid 

3565. 77®K to 6000°K Id«*l Monatomic Cmb 


AHfo = 0 

Ah^298. 15 ' *^'*''* 

' )690®K 
m 

Tb = 3565. 77°K 

“298. 15"“0 = 0- Kcal g£w‘ ‘ 

Cp data was selected and smoothed (See below). 


^“f298. 15 = ® 

®298. 15 ' ^ degK“* gfw“^ 

Ah^ = 11. 950 Kcal g/w“* 

Ah^ * 91.495 Kcal gfw"^ 


Structure 

Silicon has a cubic A4 (i. e.. diamond type) structure. 


Heat of Formation 

Zero by definition. 


~ Heat Capacity and EUitropy 

Low temperature data from Stull and Sinke. ^ Kelley's equation used to 600^K. 
From 600® to 1900®K, the data of Kantor et al^ joined Kelley's data. Above 1900®K 
estimated data were used. 


Melting 


Data of Kantor et al 


3 


were used. 


Heat of Sublimation 


Several sources were reviewed. See gas table (table 230). this volume, also see volume 1. 
this study (section 1VA25). 

References 


1. Stull, D. R. and G. C. Sinks, Thermodynamic Properties of the Elements 
(1956). 

2. KeUey, K. K. , Bur. Mines, Bull. 584 (1960). 

3. Kantor, P. B. , O. M. Kisil and E. M. Fomichov, Ukr. Fix. Zh. 5. 358-362 
(1960). 


S1LIC0N (Si) (REFEftENCe STATE) GFW - 28.09 

SUMMARY J^F UNCERTAINTY ESTIMATES 



. 

a o « ^ \ 

• 

T,*K 

S 

H -<f T - 

Ht-Hjss 


298«15 

A 0.100 

A 0.050 

A 

0.050 

A 

0.000 

1000 

A 0.100 

A 0.171 

A 

0.101 

A 

0.070 

1000 

A 0.500 

A 0.171 

A 

0.101 

A 

0.070 

1690 

a 0.500 

a 0.433 

A 

0.168 

A 

0.415 

1690 

A 0.500 

A 0.552 

9 

0.106 

A 

0.615 

1900 

A 0.500 

A 0.610 

A 

0.231 

A 

0.720 

1900 

A 1.000 

A 0.610 

A 

0.231 

A 

0.720 

2000 

A 1.000 

A 0.662 

A 

0.251 

A 

0.020 

3000 

A 1.000 

A 1.067 

A 

0.460 

A 

1.020 

3565«77 

e 1.000 

a 1.240 

A 

0.571 

A 

2.306 
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TABLE 230 


IDEAL MONATOMIC GAS 


Reference State for Calculating AHJ. afJ, and Log Kp: Solid Si from 0* to 1690-K, 
Liquid Si from 1690* to 3566* K, Caaeouo Si from 3566* to 6000* K 




€ml/*‘IC 






t,*k 


e 

' • • A 

-(Ft - 

^ o o 

“t - ”298 

AH^ 

o\ 

AF,' 


0 

0.000 

0.000 

infinite 

-1.605 

107.371 

107.371 

INFINITE 

298.1b 

5.319 

40.123 

40.123 

0.000 

108.407 

97.795 

-71 .602 

300 

5.315 

40.156 

40.123 

0.010 

108.408 

97.729 

-71.192 

aoo 

5.166 

41 .662 

40.330 

0.533 

108.423 

94.165 

-51 .447 

500 

5.095 

42.806 

40#71 5 

1 .046 

108.387 

90.604 

-39.601 

600 

5.056 

43.731 

41 .143 

1.553 

108.320 

67.054 

-31.700 

700 

5.033 

44.509 

41.570 

2.057 

108.233 

83.516 

-26.074 

600 

5.019 

45.160 

41.980 

2.560 

108.1 31 

79.991 

-21.051 

900 

5.012 

45.770 

42.369 

3.061 

108.015 

76.480 

-18.571 

1000 

5.012 

46.299 

42.736 

3.563 

107.888 

72.984 

-15.950 

1100 

5.017 

46.776 

43.082 

4.064 

107.750 

69.500 

-13.000 

1200 

5.027 

47.213 

43.408 

4.566 

107.603 

66.029 

-12.025 

1300 

5.043 

47.616 

43.717 

5.070 

107.449 

62.570 

-10.519 

UOO 

5.063 

47.991 

44.009 

5.575 

107.207 

59.124 

-9.229 

1500 

5.087 

48.341 

44.286 

6.082 

107.117 

55.691 

-8.114 

1600 

5.113 

48.670 

44.550 

6.592 

106.942 

52.268 

-7.139 

1690 . 

5.139 

48.950 

44.777 

7.054 

106.780 

. 49.196 . 

... -6.362 

1690 

5.139 

46.950 

44.777 

7.054 

94.830 

49.196 

-6.362 

1 700 

5.142 

48.981 

44.801 

7.105 

94.812 

48.927 

-6.290 

1600 

5.172 

49.276 

45.042 

7.621 

94.625 

46.233 

-5.613 

1900 

5.202 

49.556 

45.272 

8.139 

94.432 

43.551 

-5.009 

20C0 

5.237 

49.624 

45,493 

8.661 

94.237 

40.877 

-4.467 

2100 

* .261 

50.080 

45,705 

9.186 

94,047 

38.215 

-3.977 

2200 

5.289 

50.325 

45.910 

9.71 3 

93.858 

35.558 

-3.532 

2300 

5.316 

50.561 

46.107 

10.243 

93.673 

32.912 

-3.12T 

2400 

5. .41 

50.787 

46.297 

10.776 

93.490 

30.275 

-2.757 

2500 

5. .65 

51.006 

46.461 

11.312 

93.311 

27.645 

-2.417 

2600 

5.386 

51 .217 

46.659 

11.849 

93.132 

25.022 

-2.103 

2700 

5.406 

51 .420 

46.832 

12.389 

92.957 

22.404 

-1.813 

2800 

5.424 

51 .617 

46.999 

12.930 

92.78? 

19.795 

-1.545 

2900 

5.440 

51 ,806 

47,162 

13.473 

92.610 

17.190 

-1.295 

300C 

5.454 

51.993 

47,320 

14.016 

92.439 

14.594 

-1.063 

3100 

5.467 

52.172 

47,473 

14.564 

92.270 

12.003 

-0.846 

3200 

5.476 

52.345 

47.623 

15.111 

92.101 

9.415 

-0.643 

3300 

5.487 

52.514 

47.769 

15.660 

91.935 

6,833 

-0.453 

3400 

5.49*^ 

52.678 

47.911 

16.209 

91 . 768 

4,250 

-0.274 

3500 

5.502 

52.837 

48.049 

16.759 

91.603 

1.689 

-0.105 

3965.77 

5.506 

52.939 

48.138... 

17.121 

91 .495 

0.000 

0.000 

3565.77 

5.506 

52.939 

48.136 

17.121 




3600 

5.508 

52.992 

48.184 

17.309 




3700 

5.513 

53.143 

48.316 

17.860 




3000 

5.516 

53.291 

46.445 

16.412 




3900 

*^.519 

53.434 

48.571 

18.964 




4000 

5.521 

53.574 

46.695 

19.515 




4100 

5.522 

53. 710 

48.815 

20.068 




4200 

5.572 

53.843 

48.934 

20.620 




4300 

5.522 

53.973 

49.049 

21.172 




4400 

5.522 

54.100 

49.163 

21.724 




4500 

5.521 

54.224 

49.274 

22.276 




4600 

5.520 

54.345 

49.383 

22.829 




4700 

5.518 

54.464 

49.489 

23.380 




4800 

5.517 

54.580 

49.594 

23.932 




4900 

5.515 

54.694 

49.697 

24.484 




5000 

5.513 

54.805 

49. 798 

25.035 




5100 

5.512 

54.915 

49.898 

25.587 




5200 

5.510 

55.022 

49.995 

26.138 




5300 

5.509 

55.126 

50.091 

26.689 




5400 

5. 5C0 

55.229 

50.105 

27.239 




5500 

5.508 

55.331 

50.278 

27.790 




5600 

5.507 

55.430 

50.369 

28.341 




5700 

5.508 

55.527 

50.458 

28.892 




5600 

5.509 

55.621 

50.547 

29.443 




5900 

5.511 

55.71/ 

50.634 

29.994 




6000 

5.514 

55.810 

50.719 

30.545 
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SILICON, MONATOMIC (Si) 


(IDEAL, CAS) 


$fw » 


Ah°jj « 107, 371 Real gfw'* 

3 


Ground SUta Configuration Pq 

”298.15'”o’ 


^**I29S. 15 ■ *®*' glw'l 

®298. 15 * ^®- <*afK"* gf^' 


Electronic Levala and Muitiplicitiea 


All energy levele from Moore^ 
functione in an earlier report. ^ 


were used to calculate 


Heat of Formation 

Based on vapor pressure data of Davis ^t ^ Several other sources of data were 
reviewed and are discussed In volunne 1, this study (section IVA25). 


Heat Capacity and Entropy 

Calculated in an earlier report. ^ 


References 


1. Moore. C. . Nat. Bur. Std. (U. S. ), Circ. 467. Vol. I (1949). 

2. Barrlault. R. J. «t al. Thermodynamics of Certain Refractory Compounds 
Pt. I. Vol. 1, ASD TR-61. 260 (May 1962 ). 

3. Davis. S. G. . D. F. Anthrop and A. W. Searcy. J. Chcm. Phys. 34, 659 (1961). 


siircaN* neNATSHic (so 


< ideal GAS) 


UNmiTAihTY esiij^ates 


OFW • 28.09 






cal/ ”K ff 






r 0 





r ^ 

T.*K 


p 


St 

(Ft 

- H298)/T 

”t ■ ”298 

298-lS 

± 

0.000 

4 

0.002 


0.002 

± 0.000 

1000 

± 

0.000 


0.002 

± 

0.002 

1 0.000 

2000 

± 

0.000 

± 

0.002 


0.002 

± 0.000 

3000 

± 

0.000 


0.002 

± 

0.003 

± 0.001 

4000 

± 

0.000 

± 

0.002 

± 

0.003 

* 0.001 

SOOO 

± 

0.000 

ir 

0.002 


0.003 

± 0.001 

6000 


0.001 


0.003 

± 

0.003 

± 0.002 


_Kral dfw- 


NH 
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TABLE 231 


STRONTIUM 


REFI31ENCE STATE 


Reference SUte for CalcuUting Ah;, a f; 
Uquid Sr from 1045* to I64PK, 


, and Log Kp: Solid Sr from 0* to I045*K, 
Gaeeoue Sr from 1641* to 6000* K 


T."ic 


Kcl/gf*. 

S ^ - **7ge>/T Ht-m^ aM| af^ Loi Kp 


0 

290. 1«> 

300 

aOO 

AOO 

0.000 

6.600 

6.607 

6.607 

7.207 

0«000 

12.500 

12.560 

16.638 

15.999 

infinite 

12.900 

12.501 

12.757 

1 3.253 

-1.550 

0.000 

0.012 

0.673 

1.373 

600 

y .607 

17.369 

13.826 

2.116 

700 

8.007 

18.55] 

14.616 

2.895 

800 

8.607 

19.667 

15.003 

3.715 

862 

8.655 

20.283 

15. 359 

6.266 

662 

9.160 

20.515 

15.359 


900 

9.160 

20.910 

15.586 

6.792 

1000 

9.160 

21 .875 

16.167 

5. 708 

10 <iS 

9.160 

22.278 

. _ 16.621 

6.120 

104 S 

7.800 

26.163 

16.621 

8.090 

1 100 

7,600 

26.563 

16.81 8 

8.519 

1 200 

7.8 f 0 

25.262 

1 7.693 

9.299 

1 300 

7.800 

25.866 

18.113 

10.079 

1^.00 

7.800 

26.666 

18.608 

10.859 

1600 

7.800 

26.982 

1 9.223 

1 1 .639 

1 600 

7.800 

2 7.686 

19.726 

12.619 

16^1.. 

7.000 

27,680 

19.922 

...12.731 

16^*1 

6,977 

6 7.797 

1 9,922 

65.763 

1 700 

/ .9 R ) 

67.975 

20.895 

66.036 

1 flOO 

6.991 

60.260 

22.607 

66.535 

I 900 

5.007 

68.530 

23.775 

67.035 

2000 

5.031 

68,707 

25.019 

67.517 

2100 

5.065 

6 9.033 

26,156 

68.061 

2200 

5.111 

69.270 

27.202 

68.550 

2300 

5.1 71 

69.699 

28.16 7 

69.066 

2<.00 

5,269 

69. 720 

29.060 

69.58' 

2500 

5.36 5 

69.936 

29.890 

50.116 

2600 

5.661 

50.168 

30.666 

50.656 

2700 

5.600 

50,357 

31 • 391 

51.207 

2800 

5.762 

‘0.563 

32.072 

51 .775 

2900 

5.96 9 

50. 769 

32.71 3 

52.361 

3000 

6.159 

50.976 

33,319 

52.966 

3100 

6. 396 

51.180 

33.092 

53.593 

3200 

6.653 

51.387 

36.635 

56.265 

3300 

6.933 

5 1 .596 

36.952 

56.926 

3<*00 

7.235 

5 1 ,807 

35.666 

55.63 J 

3500 

7.5 56 

52.021 

35.915 

56.37? 

3600 

7.0 96 

52.239 

16.365 

57,166 

3 700 

e .267 

52,660 

36. 797 

57.951 

3000 

0-6] 1 

52 .685 

37,21 3 

58.796 

3900 

0.986 

52.913 

37.612 

59.676 

6000 

9.366 

53.165 

37.99 7 

60,591 

6 100 

9.76 7 

53.381 

38.370 

61.567 

6200 

10.131 

53.621 

38.730 

62.561 

6300 

10.513 

5 3,866 

39.000 

63.57: 

6600 

10.891 

56.110 

39.610 

66.663 

6500 

1 1 .262 

56.359 

39.768 

65.751 

6600 

1 1 .625 

56.610 

60.060 

66.095 

6700 

1 1 .979 

56.066 

60. 380 

68.076 

6800 

1 2,320 

55.120 

60.606 

69.. 

6900 

12.650 

55.377 

60.981 

70.539 

5000 

1 2.965 

55.636 

61 .272 

71.820 

5100 

1 3.267 

55.896 

61 .556 

73.132 

5200 

1 3.556 

56,156 

61 .033 

76.673 

5300 

1 3.026 

56.617 

62.107 

75.862 

5600 

16.002 

56.670 

62.376 

77.238 

5500 

16,326 

56.938 

62.636 

78.650 

5600 

16.550 

57.190 

62.896 

80.102 

5700 

16.762 

57.658 

63.168 

81.566 

5800 

16.959 

57.716 

63.396 

03.056 

5900 

51 .161 

57.976 

63.662 

06.559 

6000 

15,309 

58.230 

63.883 

86.081 


May I96i RCF 


Sr 
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STRONTIUM (Sr} 


(REFERENCE STATE) 
0 to 1045 °K CryaUi 

1045 to 1641 °K Liquid 


gfw = 87. 63 



strontium (Sr) (fteF£RENCC STATE} 

SUMMARY 0F uncertainty ESTIMATES 








T.-IC 


o - ^ ^ 

Sj -(Fj - M298)/T 


^ Lo* Kp 

298. 15 

A 0«200 

A 0.500 

A 0.500 

A 0.000 


067 

A 0.500 

A 0.610 

*0.540 

A 0.060 


062 

A 0.600 

A 0.750 

A 0.540 

A 0.160 


10A5 

A 1.000 

A 0.760 

A 0.560 

A 0.190 


10A5 

A 0.500 

A 0.910 

A 0.560 

A 0.540 


16aI 

A 1.500 

A 1.130 

A 0.740 

A 0.640 


i6Ai 

A o.ooo 

A 0.002 




2000 

A 0.000 

A 0.002 




5000 

A 0«001 

A 0.002 




4000 

A 0.002 

A 0.005 




5000 

A 0.005 

A 0.005 




6000 

A 0.005 

A 0.005 
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TABLE 232 


STRONTIUM 


ideal monatomic gas 


Itefcr.nc. SUto for CUcuUtlng AMf, AF/. ond Log K_; 
liquid Sr from 1045«K to 1641 'K. Go.oouo 


- - 

S 4 -^4 - M'29i>/T' 


: Solid Sr from 0* to 1045*K. 
from 1641* to 6000* K 


Kcal/gfw. 

am)' AF, L*fKp 


0 

0.000 

0.000 

infinite 

296.15 

4.968 

39.325 

39.325 

300 

4.968 

39.356 

39. 325 

600 

4.968 

40.785 

39.520 

500 

4.966 

41 .894 

39.688 

600 

4.968 

42 . 799 

40. 300 

700 

4.968 

43.565 

40.713 

800 

4.968 

44.229 

41 .122 

662 

4.968 

. 44.600 

41,350 

862 

4.968 

44.600 

4] • 350 

900 

4.968 

44.814 

41 .492 

1000 

4.968 

45.337 

41 .850 

1045 

4.966 

. 45.556 

42,005 

1045 

4.966 

45.556 

42.005' 

1100 

4.968 

45.811 

42.169 

1 200 

4.968 

46.243 

42.509 

1 300 

4.969 

46.641 

42.812 

1400 

4.969 

47.009 

43.099 

1500 

4.971 

47.352 

43.371 

1600 

4.975 

47,673 

43.630 

1641 

4.977 

47.797 

43.731 

1641 

4.97 7 

47.797 

43.731“ 

1 700 

* 

47,975 

43.877 

1 800 

4.991 

48.260 

44,112 

1 900 

5.007 

48.530 

44.338 

2000 

5.031 

48.787 

44,554 

2100 

5.065 

49.033 

44,761 

2200 

5.111 

49.270 

44,961 

2300 

5.1 71 

49.499 

55.153 

2400 

5.249 

49. 720 

45.339 

2500 

5.34 5 

49.936 

45.51 9 

2600 

5.461 

50.148 

45.693 

2700 

4.600 

50.357 

45.062 

2800 

5.762 

50.563 

46.026 

2 900 

5.949 

50.769 

46.106 

3000 

6.159 

50.97<. 

46.342 

3100 

6.394 

51.180 

46.495 

3200 

6.653 

51.387 

46.644 

3300 

6.933 

51 .596 

46. 791 

3400 

7.235 

51 .007 

56.936 

3500 

7.556 

52.021 

57.078 

3600 

7.894 

52.239 

57,218 

3700 

8.247 

52.460 

5 7, 35 7 

3600 

8.61 1 

52.685 

57, <*94 

3900 

8.984 

52.91 3 

47.630 

4000 

9.364 

53.145 

4 7. 765 

4100 

9.747 

53.381 

47.899 

4200 

10.131 

53.621 

48.033 

4300 

10.513 

53.664 

46.165 

4400 

10.891 

54. lie 

48,298 

4500 

1 1 .262 

54.359 

48,430 

4600 

1 1 .625 

54.610 

48.561 

4700 

1 1.979 

54.064 

48.693 

4600 

12.320 

55.120 

48.824 

4900 

12.650 

55.377 

48-955 

5000 

12.965 

55.636 

49.086 

5100 

1 3.267 

55.096 

49,21 7 

5200 

13.554 

56.156 

49,348 

5 300 

13.826 

56.417 

49.479 

5400 

14.085 

56.678 

49.610 

5500 

14.324 

56.938 

49. 741 

5600 

14.550 

57.1 

49.871 

5700 

14.762 

57.458 

50.002 

5800 

14.959 

57.716 

50.133 

5900 

14.141 

57.974 

50.264 

6000 

15.309 

58.230 

50.395 


-1 .481 

39.139 

39.139 

INFINITE 

0.000 

39.070 

31.072 

-22.775 

0.009 

39.067 

31.023 

-22.599 

0.506 

30.903 

28.365 

-15.497 

1.003 

38.700 

25.752 

-11*256 

1.500 

38.456 

23.186 

-8*445 

1 .996 

38.171 

20.662 

-6.451 

2.493 

37.848 

18.183 

-4.967 

2.801 

. . 37,627 

. 16.666 . 

. --4.225 

2.e0l 

37.427 

16.666 

-4.225 

2.990 

37.268 

15.755 

-3.826 

3.487 

36.849 

13.387 

-2.926 

.. . 3.711 

36.661 

12.335 

. .-2.500 

3.711 

34.691 

12.335 

-2.580 

3.984 

34.535 

11.162 

-2*218 

4.481 

34.252 

9.051 

-1*648 

4.977 

33.968 

6.961 

-1.170 

5.474 

33.685 

4.895 

-A. 764 

5.971 

33.402 

2.848 

-0.415 

6.496 

33.120 

0.82 

-0.112 

6.673 

3^.312 

0.0^ • 

0.000 


6.673 

6.966 

7.665 

7.965 

6.667 

8.971 
9.680 
9.996 
10.51 5 
11.064 

1 1.586 
17.137 
12.705 
13.291 
1 3.896 

14.5.‘3 

15.175 

15.854 

16.563 

17.302 

18.074 

18.881 

19.724 

20.604 

21.521 

22.477 

23.671 

24.503 

25.573 

26.681 

27.825 
29. Of'' 
30.22* 
31.469 
32.750 

34.062 

35.403 

36.772 

38.168 

39.588 

41 .032 
42.496 
43.984 
45.489 
7.01 1 


May 1962 


RCF 


Sr 
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STRONTIUM, MONATOMIC (Sr) (IDEAL GAS) 


gfw = 87, 63 


= 39. 139 Kcal gfw'* ^Hf298. 15 = 

Ground State Configuration *Sq ®*298 15 ~ '^®gK ^ gfw 

” 298. 15 ■ H 0=1 -481 kcal gfw"* 

Electronic levels and multipliciticB 

Source of Data 

Energy levels fronn Moore 
Heat of Formation 

Average of two vapor pressure determinations. Uetails by Barriault 
et 

Heat Capacity and Entropy 

Calculated using monatomic gas computer program. 

References 

1. Moore, C.p Atomic Energy Levels, Vol^II Nat .Bur. Stds ( 1 952) 

2. BarriaulL R., etal,ASD-TR-61.260(May 1962)» Pt. I. 


STRaNTIUM* MSNAT9MIC (Sr) (IDEAL GAS) 


GFW • 87.63 


If estimates 





gfw 



Kr.l/.fw 





n — 


- e A 

f o o 





T."K 


s 

^ -<Ft - M29t>/T 

“ »^298 


AH, 

\F, 


298«15 

4 

0.000 

4 0.002 

4 0.002 

4 0.000 


0.500 

4 0.560 

4 0.410 

S62 

± 

0.000 

4 0.002 

4 0.002 

4 0.000 


0.500 

A 1.000 

A 0.250 

8G2 

± 

0.000 

4 0.002 

A 0.002 

A 0.000 


0.500 

A 1 .000 

A 0.250 

104S 

4 

0.000 

4 0.002 

4 0.002 

4 0.000 


0.600 

4 1.200 

4 0.250 

104S 

4 

0.000 

4 0.002 

4 0.002 

4 0.000 


0.750 

4 1.200 

4 0.250 

1641 

4 

0.000 

4 0.002 

A 0.002 

4 0.000 


1.050 

4 1.800 

A 0.240 

1641 

4 

0.000 

4 0.002 

4 0.002 

4 o.ooo 





2000 

4 

0.000 

4 0.002 

A 0.002 

A 0.000 





3f000 

4 

0.001 

4 0.002 

4 0.002 

4 0.001 





4000 

4 

0.002 

4 0.003 

4 0.003 

4 0.002 





SOOO 

4 

0.003 

A 0.003 

A 0.003 

A 0.004 





6000 

4 

0.003 

40.003 

A 0.003 

A 0.006 






2.3ia 




TABLE 23 3 


TANTALUM 


reference state 

R*^®Jf***c® Stetc for Calculatinff AH# ak** 

Liquid T« from 3270* to 5706*K^ ^ 




c«l/®K g| 


— 


T.*IC 


4 


/ o O 

”t - ”298 

-Kcml/gtm 

AHj” 

0 

298.15 

300 

400 

500 

0.000 

6.069 

6.074 

6.270 

6.382 

0.000 

9.920 

9.958 

11.735 

13.147 

infinite 

9.920 

9.920 

10.161 

10.622 

-1 .358 
0.000 
0.011 
0.630 

1 .263 


600 

700 

800 

900 

1000 

6.461 

6.525 

6.580 

6.630 

6.673 

14.318 

15.319 
16.194 

16.972 

17.673 

11.143 

1 1.670 
12.182 
12.672 
13,137 

1.905 

2.554 

3.210 

3.870 

4.536 


o o o o o 
o o o o o 

6.720 

6.769 

6.824 

6.883 

6.949 

18.311 

18.898 

19.442 

19.950 

20.428 

13,579 

13.998 

14.396 

14.775 

15.136 

5.205 

5.880 

6.559 

7.244 

7,937 


1600 

1 700 

1800 

1900 

2000 

7.022 

7.102 

7.190 

7.289 

7.398 

20.878 

21 .306 
21.715 
22.106 
22.483 

15.481 
15.81 1 
16.128 
16.432 
16.725 

8.636 

9.342 

10.057 

10.780 

11.515 


2100 

2200 

2300 

2400 

2500 

7.521 

r 

7.812 

7.94S 

8.215 

22.047 

23.200 

23.543 

23.800 

24.212 

1 7.008 

1 7.282 
17.547 

1 7.803 
18.053 

12.261 

13.019 

13.793 

14.583 

15.397 





2600 

8.491 

2700 

8.851 

2800 

9.309 

2900 

9.873 

3000 

10.532 

3100 

11. 266 

3200 

12.065 

3770 

_ 1 2.66 3 

3770^ 

0.5OO“ 

3300 

8.500 

3400 

0.500 

3500 

8.500 

3600 

8.500 

3700 

8.500 

3800 

8.500 

3900 

8,500 

4000 

8.500 

4100 

8.500 

4200 

8.500 

4300 

8.500 

4400 

8.500 

4500 

8.500 

4600 

8.500 

4700 

8.500 

4800 

8.500 

4900 

8.500 

5000 

8.500 

5100 

8.500 

5200 

8.500 

5300 

8.500 

5400 

8.500 

5500 

8.500 

5600 

8.500 

5 700 

8.500 

5706.65 

8.500 

5706.65 

10.126 

5800 

10.161 

5900 

10.197 

6000 

10.229 


24.539 
24.866 
25. J95 
25.531 
25.877 

26.234 

26.604 

26.87l_ 

28.920 

28.998 

29.252 

29,498 

29.730 

29.970 

30.197 

30.418 

30.633 

30.843 
31 .048 
31 .246 
31.4^3 

31 .634 

31.821 

32.00<. 

32.183 
32.358 
32.530 

32.698 

32.863 

33.025 

33.184 
33.340 

33.493 

33.644 

.33.654 

65,409 

65.573 

65.747 

65.919 


18.296 

18.534 

18.765 

18.993 

19.216 

19.437 
19.655 
_ 19.807 
1 9.807 ~ 
19.890 
20.161 
20.425 

20.680 
20.928 
21.169 
21,403 
21 .631 

21 .853 
22.070 
22.281 
22.487 
22.688 

22,885 

23.077 

23.265 

23.448 

23.628 

23.805 

23.977 

24.146 

24.312 

24.475 

24.635 
24.791 
. 24.801 
24.80r 
25.456 
26.137 
26.799 


16.230 
17.097 
18.004 
18.962 
19.982 

21 .071 
22.237 
23.102 
29.802 
30.057 
30.907 
31 •75'r 

32.607 
33.457 
34 . 30 7 
35.157 
36.007 

36.857 

37.707 

38.557 

39.407 

40.257 

41.107 
41 .957 
42.807 
43.657 
44.507 

45.35, 

46.207 

47.057 

47.907 

48.757 

49.607 
50.457 
_ 50.513 
231.736 
232.683 
233.701 
234.722 


15 March 1963 


3270*K, 


Lof Kp 


HLS 
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TANTALUM (T*) 


(ItCrCRCNCC STATE) 


gfw « 100.95 


0®Kto 3270®K Cry«Ul 

3270®K to 5706®K Liquid 

5706®K to 6000®IC Wool Monotomlc O«0 


Ah“ .0 

^”?290. 15 ’ Kcolffw-* 

• 3270®K 
T^ • 5706. 65®K 

- 1. 358 Kc.lgfw"* 


Ah ?„,.,5 •« 

®29f. I J * ’• “* 

6. 700 Kcolgfw'* 

- 181. 223 Kcalgfw'* 

298. 15 fe. T da 950®K 

aod Haaor and 


C® - 6. 31 4- O. 40 a 10”^T - 0. 32 a 10*T“^ coJ da*K * gfw * 

P I 2 

Cp ■ amoothad curva approalmatlng dau of Lahman*. Taylor and Finch . 

McClalland^ for ranga 950® to 3270®K. 

- 8. 5 cal dagK-> gfw*> for liquid (3270 4 b T dte 5706^K) (Eatd.) 


Stmctura 

Solid haa B. C. C. A2 typa atructura* with no raportad Cranattlona to malting point. 


Haat of Formation 


Zaro by daflnltlon. 


Haat Capacity and Entropy 

Low tamMratara data from Kallay^and Starratt and Wallaca. ^ High tamparatura data 
la from Kallay” (298. 15® to 950®K), and Lahman fl li ^ for 950® to 3270®K Liquid C® 
la aatlmatad. 


Maltln 


Savaral valuaa wara availabla. Tha valua llatad by Stull and Slaka^ waa ua 
of molting waa an avaraga of two aatimataa. 


Haat of Subltanatlon 


From Edwarda. Johnaton and Blackburn. 


1. Lobman, G. W.. WADD TR 60-581 (1960). 

2. Taylor. R. E. and R. A. Finch. NAA-SR-6034 (1961 ) 

3. Raaor. N. and J. McClaUand. WADC TR 56-400. AOl 18144 (1957). 

4. Kolloy. K. K. , Bur. Minna Ball. 592 (1961). 

5. Starratt. K. F. and W. E. WalUca. J. Am. Cbam. Soc. ^ 3177 (1950) 

6. Stall. D. R. and G. C. Slnka, Tharmodynamic Propartlaa of tha Elamaota (1956). 

7. Edwarda. J. W. . H. L. Johnaton. and P. C. BlachUrn. J. Am. Cham. Soc. 73, 172 (1951). 

0 . Kallay. K. K. . Bur. Minna. Ball. 504 (1960). 


tantalum (Ta> 


(REFERENCE STATE) 


GFW ■ 100*95 


iUHttAEX tf UNCttTAUlTy tSTiHAIU 




cal/ 'K aim. 






T,*I 


Sj -(Fj - H 29 f)/T 

• • 

HT-H298 

AHf 

AFf^ 

Log Up 

290*19 

4 0*090 

4 0*040 

4 0*040 

4 0*000 




1000 

4 0*100 

4 0*109 

4 0*049 

4 0*090 




2000 

4 0.900 

4 0*949 

40*194 

4 0*410 




9000 

4 1*000 

4 0*499 

* 0*249 

*1.148 




3270 

4 1*000 

4 0*729 

4 0*209 

4 1*498 




9270 

4 2*000 

4 1*091 

4 0*209 

4 2*490 




4000 

4 2*000 

B 1*494 

4 0*499 

* 9*098 




9000 

4 2*000 

4 1.000 

* 0*700 

4 9*490 
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TABLE 234 


TANTALUM 


Ref«r«i 


T.*K 

0 

29B*\i 

300 

4i00 

500 

600 

700 

BOO 

900 

1000 

1100 

1?00 

1300 

1400 

1500 

1600 

1700 

laoo 

1900 

2000 

2100 

2200 

2300 

2400 

2500 

2600 

2700 

2600 

2900 

3000 

3100 

3200 

3270 

3270 

3300 

3400 

3500 

3600 
t 3 700 
3800 
3900 
4000 

4100 

4200 

4300 

4400 

4500 

4600 

4 700 
4800 
4900 

5000 

5100 

5200 

5300 

5400 

5500 

5600 

5 700 
5706*65. 
5706*6/ 
5800 
5900 
6000 


IDEAL MONATOMIC GAS 


Ta 


ic® suie for CalcuUling AHJ, AFJ. and Log K ; Solid Ta from 0* to 3270*K. 
Liquid Ta from 3270* to 5706*K, Gaaaous Ta from 5706* to 6000’K. 


^ 


t ,!• 






O 

H 

-<fT - M*298>/T^ 

f * ■ 

”t “ ”291 

1 ^”ll 

Apf 


0*000 

0.000 

INFINI Te 

-1*482 

186*398 

186*398 

INFINITE 

4*986 

5*081 

5*278 

44.243 

44.274 

45.719 

46.872 

44*243 
44*243 
44.440 
44.81 5 

0*000 

0*009 

0.512 

1 .029 

186*522 

186*520 

1 86.404 
186*288 

176*289 

176*225 

172*810 

169*426 

-129.217 

-120*374 

-94*415 

-74*052 

5.541 

47.857 

45.241 

1*570 

186*187 

166*063 

-60*486 

5*827 

48.733 

45.679 

2*138 

186*106 

162*716 

-50*800 

6*110 

49.530 

46.111 

2.735 

186*047 

159.379 

-43*538 

6*376 

50.265 

46.532 

3.359 

186.01 1 

156.048 

-37*892 

6*621 

50*949 

46.940 

4.009 

185*995 

152*719 

-33*375 

6*844 

51*591 

47.334 

4.683 

186.000 

149*392 

-29*680 

7*044 

52*195 

47.714 

5.377 

186*019 

146*063 

-26*600 

7*221 

52*766 

48.081 

6*091 

186*054 

142*732 

-23*994 

7.377 

53.307 

48.435 

6*821 

186*099 

139.398 

-21*760 

7*514 

53*621 

48.777 

7*565 

186*150 

136*061 

-19*023 

7*633 

54.310 

49.108 

8*323 

186.209 

132*719 

-18.128 

7*739 

54.776 

49.428 

9*092 

186*272 

129.373 

-16*631 

7*832 

55.221 

49.737 

9.870 

186.335 

126.026 

-15.301 

7.916 

55.647 

50*037 

10*658 

186 400 

122.672 

-14.110 

7.993 

56.055 

50* 328 

11*453 

1 86.460 

119.316 

-13.038 

8.064 

56.446 

50.610 

12*256 

186.517 

115*956 

-12*067 

8.1 37 

56.023 

50.884 

1 3*066 

186.569 

112*598 

-11 *185 

8*1 96 

57.186 

51.150 

13*882 

186*611 

109.235 

-10*379 

(1*258 

57.536 

51*409 

14*705 

186.644 

105*866 

-9*640 

8.319 

57.874 

51*661 

15*534 

186*659 

102*502 

-8*960 

8.378 

50.202 

51*906 

16*369 

186*661 

99.136 

•8*333 

8.437 

50.519 

52*145 

17*210 

186*635 

95*772 

-7*752 

8*495 

58.827 

52.378 

18.056 

186*574 

92*406 

-7*212 

8.552 

59.126 

52.606 

18*909 

186*469 

89*044 

-6*710 

8*610 

59*41 7 

52.828 

’ 9.767 

186*307 

85*686 

-6*242 

8*667 

59*700 

53.045 

20*631 

186*082 

82*337 

-5*804 

8*725 

59.976 

53.258 

21.500 

165*785 

78.992 

-5*395 

8*766. 

_.60.166. 

53,403.. .. 

22*112 . 

.185*532,. 

..76*663. 

...-5*124 

8*766 

60*166 

53.403 

22*112 

178*832 

76*663 

-5*124 

8*783 

60*246 

53.465 

22*376 

178*841 

75*725 

-5*015 

8*841 

60*509 

53*669 

23*257 

1 78*872 

72.595 

-4*666 

8*900 

60*766 

53.868 

24*144 

178*9*4 

69*472 

-4*338 

8.959 

61 *018 

54.063 

25.037 

178*952 

66*343 

-4*027 

9*019 

61 *264 

54.254 

25*936 

179*00. 

63*216 

-3*734 

9.079 

61*505 

54.442 

76*841 

179*056 

60*085 

-3*455 

9*139 

61*742 

54*626 

27*752 

179.117 

56.952 

-3*191 

9*200 

61*974 

54*807 

28*668 

179 183 

53*616 

-2*940 

9*261 

62*202 

54.984 

29.592 

179.257 

50.685 

-2*702 

9.322 

62*426 

55.159 

30*521 

179.336 

47*548 

-2*474 

9*383 

62.646 

55. 330 

31*456 

179.421 

44.411 

-2.257 

9*444 

62*862 

55.499 

32*397 

179.512 

41.269 

-2*050 

9.504 

63.075 

55.665 

33.345 

179.610 

38.126 

-1 *852 

9.564 

63*285 

55.029 

34.298 

179.713 

34.980 

-1*662 

9*623 

63*491 

55.989 

35*258 

179.823 

31*836 

-1*480 

9*680 

63*694 

56*148 

36*223 

179.938 

28*684 

-1*306 

9.737 

63*894 

56*304 

37.194 

180*059 

25*528 

-1.139 

9*792 

64*092 

56*458 

38*170 

180*185 

22.372 

-0*978 

9.846 

64.286 

56*609 

39*152 

180.317 

l‘J.222 

-0.824 

9*897 

64*478 

56.759 

A.139 

180*454 

16*056 

-0.675 

9.947 

64*667 

56.906 

«i*131 

180*596 

12*894 

-d.532 

9.995 

64*853 

57*052 

42*128 

100*743 

9*726 

-6.394 

10*040 

65*037 

57*195 

43*130 

180*895 

6.562 

-6.261 

10*083 

65*218 

57.337 

44*136 

181*051 

3*391 

*-6.132 

10*124 

65.397 

57.477 

45*147 

181*212 

0*212 

-0.008 

10.126 .. 

65*409 

57*486 

45*214 

181*223 

0.000, . 

.... -0.000 

10*126 

65*409 

57*486 

45*214 

0*000 

0*000 

-0.000 

10*161 

65.573 

57.615 

46*161 




10.197 

65*747 

57*751 

47*179 




10*. 2 29 

65*919 

57*886 

48*200 
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TANTALUM.MONATOMIC ( I'^) 


■). A I < IAS ) 


gfw - 180. 95 


X 186. 398 Kcal gfw'* 

4 

Ground State Configuration Fj 
”29«‘”o = Kralg/w*' 


15 ~ 186. 51Z Kcal gfw"® 
‘‘’ 298 . 15 degK'^gfw’* 


Electronic Levels and Multi pl icitiea 
All levels listed by Moore* 


Heat of Formation 


The data of Edwards, Johnston, and Blackburn were used, 
that of Langmuir and Malter, ^ Gebhardt, Segherri. and Keil, ^ and 


Other data analyzed Included 
Flske. 


Heat Capacity and Entropy 

Calculated using the monatomic gas program. 
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table 2^ii 


TECHNETIUM 


reference state 

Liquid Tl°irom G*"** ‘ 

K. G.,e„„, Tc from 4840* to 6000*1 


t.^k 

0 

300 

400 

300 

600 

700 

800 

900 

1000 

1100 
1 700 
1 300 
1400 
I 500 

1 600 
1 700 
1800 
1 900 
2000 

2100 

2200 

2300 

2400 

2473 

2473 

2500 

2600 

2 700 
2800 
2900 
3000 

3100 

3200 

3300 

3400 

3500 

3600 

3 700 , 

3800 

3900 

4000 

4100 

4200 

<•300 

4400 

4500 

4600 

4700 

4800 

4840.07 

4840.07 

4 900 
5000 

5100 

5200 

5300 

5400 

5500 

5600 

5 700 
5800 
5900 
6000 


0.000 

5.800 

5.804 

6.004 

6 . 204 

6.404 

6.604 

6 • 804 

7.004 

7.204 

7.404 

7.604 

7 • 804 

8.004 

8.204 

8.404 

6.604 

8 . 804 

9.004 

9.204 

9.404 

9.604 

9.804 
i 0.004 

_ 10 . 1 50 
10 . 000 “ 
10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

10.000 

7.499 

7.522 

7.559 

7.594 
7.628 
7.660 
7.691 
7.720 

7.748 
7.774 
7.798 
7.821 
7.842 


^ -(fj 

0.000 
8.000 
8.036 
9.733 
11.094 

1 2 . 24 T 

13.245 
14.140 
14.953 
15.701 

16.397 
17.050 
1 7.667 
1 8.252 
16.811 

19.347 
19.863 
20.360 
20.842 
21 . 309 


• ^ rZ T 


_ Kcal/gfw 
All ? 




IMriNI TE 
fi.OOO 
8.000 
8-230 
8.671 

9.173 
9.685 
10.187 
10.672 
11 . 1 38 

1 1 .585 
12.013 
12.425 
12.820 
13.201 

1 3.569 

13.924 
14.260 
14.601 

14.925 


21 .762 
22.204 
22.636 
23.057 

23.359 

25 . 659 ^ 

25.768 

26.160 

26.537 

26.901 

27.252 

27,591 

27.919 

28.236 

20.544 

28.843 

29.133 

29.414 

29,688 

29.955 
30.215 
30.466 

30, 71 5 

30.956 
31-191 
31 .421 
31 .646 

31 .866 
32.001 
32.291 
_ 32 . 374 _ 
61.271 
61 • 366 
61 .518 

61 a 6 6 6 
61.816 
61.961 
62.105 

62 • 246 

62.306 

62.523 

62.656 

62.792 

62.923 


15,240 
15.546 
1 5.845 
16.137 
1 6 . 346 . 
16. 34 6 
16. 44 7 


-1.230 
0.000 
O.Ol I 
0.601 
1 .212 

1.842 

2.492 

3.163 

3.653 

4*564 

5.294 
6*044 
6.81 5 
7.605 
6.416 

9.246 
10.096 
1 0.967 
11.857 
12.768 

1 3.696 
14.648 
15.619 
16*609 
^ 17. 345 
23.033 
23.303 


16.813 

24.303 

1 7.166 

25.303 

1 7.507 

«! 6.30 3 

17.837 

27.303 

16.157 

28.303 

1 6.466 

29.303 

18.767 

30.303 

19.058 

31 .303 

19. 342 

32.303 

19.618 

33.303 

19.886 

34, 303 

20.147 

35.303 

20,402 

36.303 

20,650 

37.303 

20.892 

38.303 

21 .129 

39 . -*03 

21 . 360 

40. 303 

21 .586 

41.303 

21.807 

42. 303 

22.023 

43.303 

22.234 

44. 303 

22.442 

45. 303 

22,645 

46. 303 

22.724 

__ 46.704 

22.724 

186,575 

23.198 

1 87.024 

23.962 

1 87.778 

24. 700 

168.536 

25.41 3 

189.297 

26.100 

190.061 

26.766 

1 90.829 

27.410 

191 .600 

20.034 

192.373 

28.637 

193.149 

29,222 

193.928 

29.790 

194.709 

30. 341 

195.492 
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TECHNETIUM (Tc) 


(REFERENCE STATE) 


gfw * 99 * 


0°K to 2473®K CryiUl 

2473®K to 4840^K Liquid 

4840®K to 6000®K Ideal Monatomic Caa 


Ah^o = 0 

Ah ,298 ,5 = 155. 000 kcml gfw'* 

Tb = 4840®K 
”298. 15““o = 

Cp = 5. 200 + 2. 000 X 10“ cal deg 

Cp = 10. 000 cal deg K'^gfw*^ 
Structure 


^”f298. IS ^ ^ 

^298. 15 “ ®* K'*gfw-1 

Ah^ = 5. 688 Real gfw" ^ 

Ah^ = 139.871 Real gfw"^ 

•^gfw"^ cal deg K*^gfw"^ 

298. 15®K T ^ 247 3®K 
2473°K ^ T ^ 4840°K 


An h. c. p. (A3) type. 
Heat of Formation 


Zero by definition. 

Heat Capacity and Entropy 

Brewer's^ eetimate of S 298 adopted. Kelley’a^ high-temperature heat- 
capacity data adopted. Baaed on Brewer's^ heat-content eatimatea. Liquid 
heat capacity eetimated. 

Melting and Vaporiaation 

Heat of fusion estimated. Vapor-Pressure data of Brewer^ used in 
calculating b. p. Heat of vaporisation calculated. 

References 

1. Brewer, L. , Paper 3, Chemistry and Metallurgy of Miscellaneous 
Materials: Thermodynamics, Nat. Nucl. Energ. Ser. IV-19B, 
McGraw-Hill. N. Y. (1950). 

2. Kelley. K. K. . U. S. Bur. Mines. Bull. 584 (1960). 


« 

Isotope of longest Rnown half-life. 


TECHRCTIUM (Tc) IREFERENCE STATE! GFW • 99 

If uncertainty iLiTIHATeS 






Ktal nfm . 



r • 

0 

0 0 ^ 


\ 

T.»K 

p 


'Ft - 


M-, lo, Kp 

298.15 

A 0*100 

4 0*^00 

4 0.500 

4 0*000 


1000 

4 0*500 

4 0*740 

4 0*600 

4 0*140 


2000 

± 1 *000 

4 1*260 

4 0*600 

4 0*890 


2473 

4 1*250 

4 1*500 

4 0*810 

4 1 *420 


2473 

4 0*500 

4 1 * 900 

4 0*920 

4 2*420 


3000 

4 1*550 

4 2*100 

4 0*920 

4 2*960 


400C 

4 3*550 

4 2*830 

4 1*110 

44*510 


4840*07 

4 5*230 

4 3*670 

4 1*700 

4 8*200 


4840*07 

4 0*001 

4 0*003 

4 0*003 

4 0*002 


5000 

4 0*001 

4 0.003 

4 0*003 

4 0*002 


6000 

4 0*001 

4 0*003 

4 0*003 

4 0*003 
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TAttLE 2\k 


technetium 


VI 

ideal monatomic gas 

f^om ***^'‘* 2^73* K. 

■ - ^840 K. Ga.cou. Tc Irom 4840* to 6000* K. 


t.^k 






*T 


0.000 

f'.rco 

2 ' / 8 . 1 

3 r ''' 

4.97 .'t 

4 3 . 2 0 

w'r 

0 0 r 

4.9 70 

43.280 

4 . 999 

44. 7 M 


0.106 

4 0 . M A 8 

6ro 

0 .328 

46.78/ 

7( r 

* .660 

4 7 . /, 1 p 

8« ( 

7*. 060 

4 8.41 A 

900 

6,477 

4 '/ . 1 4 1 

1 ooo 

6 , 8 f, 1 

4 > , f • ' /« 

1 1 rr 

7.184 

• 0.024 

l 2 f' 0 

7.424 

01.160 




1 Of'l' 

7.683 

* 2 

Wior 

7 . 6 *. 7 

' i 

1 7i. 

7.697 

‘ 3 . 

J Fv'O 

7. SI 7 


1 0. ( 

7.42/, 

‘ 4 , 

2 0 00 

7.3 32 


2iCr 

7.241 

r t 

r 2 (■ i' 

7. 1 S6 

c 

2 3''r 

nc P'' 

' 6 • 

2 4 f 0 

/ , 0 1 s 

'■ 6 . 

2 4 71 

- 75.9 74 , 

. 6 . 

24 7 3 

7> , 9 74 ' 

^ <1 • 

T r < < , 1 

6.96 1 

' 6 . 

2 6^2 

7.918 

' 6 • 

2 7, r 

/« .887 

' 7. 

2 8 00 

6.86 

' 7. 

2 9^'' 

7 , 8 S 6 

' ■'./ 

30 0'' 

7 .844 

‘ 7,f 

310" 

/. ,8 60 

"7.1 

32^'- 

6.8 74 

' . J 

■* 3"' 

6 . P94 

r fc , * 

34 ‘f 

6.92'' 

' « . 7 

3 0 00 

7.9*9 

‘ R . '7 

3 6' L 

h • / 8 <. 

^9.1 

37C C 

7 . 0 2 1 

*- /. 3 

3 p 0 : 

7.061 

‘ 9 . S 

3 9 0 0 

7. i O.^ 

‘9.6 

400, 

7.144 


4 1 r 

7.188 

f^r ,0 

4 2 0 0 

7 . 2 A 1 

7,0.2. 

4 300 

7.2 76 

8/.. 3' 

44 00 

/ . 3 ] P 

69. 6 ( 

4‘->rc 

/- 361 

f,0 . 7 


1 Nf I N I Tl. 

^ 0 

<4 4 , / 3 1 

'4 <4 , 4, S 0 

'i* . ''or 

^ ‘ . '4 'i 2 

'4*. .q / 4 

'♦'>.?P<4 
^6 .6^'4 

^ V . 0 1 3 

^7. 3>i 

^ 7 , 7 ^ A 


•*^ . 3'yM 
. 7J 1 
'4 V . 3 1 j 
^ '' . *40 4. 

<4 SH*:; 

A'^.n* / 

0 . I I H 

‘■3. 3 M 

. ' *■ •'-U') ^ 
•^l' • 04'/ 

^ r' . M 4, 


01 .9? ^ 
' . 1 ’A 

‘ r . 3 1 4 


fl • <4 <4 <4 

9.Z0 7 

9.963 

1 '^. no 

11.44 0 

I /». 1 76 
1 ? .096 
13.608 

1 4 . 3 1 3 

--!«•. 023. 
14.B23 
15.011 

I 0. 70 0 
: 6. 39 0 
1 7.08 3 
1 7. 769 
18.404 

19.140 

i 9.82 T 
20.0 10 
■»1 .206 
: 4 399 

? 2 . 0 9 6 
2 J.296 
24 , '^OO 

2«4. 708 
20 . 420 


1 0 4. 749 
1 0 0. O-^n 
1 04 . 9^8 
1 04.906 
1 04,800 

1 04.690 
104.089 
1 04, 004 
1 04 , 44 1 
1 04. 397 

104. 370 

104.301 
104.331 
104. 304 
1 04.261 

104.198 

1 :>4 . 'll 
10 3. ^96 
1 0 A , a . i 

103,680 
1 0 3 . 4 7 H 

1 0 A.24H 

1 02. y09 

102. /''4 

. 1 0 2 , «♦ 7 _ 

146. 7 9^^ 
146. 7-^8 


, 74 9 

1 Nr I N 1 TE 

,4 90 

- I ''0 . 9^4 

,429 

-1^*. .208 

.9 14 

-76.988 

.428 

- 6 T' . n 6 7 

,964 

-4 8 , 794 

,S 1 M 

-'.0.748 

0^6 

-34.717 

7i6 2 

- 30,028 

24 S 

-26.27b 


! 16.831 
I 1 3.419 
1 1 0.0 10 
l'^6.6") I 
1 3. 1 94 

9 9 . 7 J 2 

96 . 3 y 4 

93.003 
89.617 
86,242 

82.876 

79.016 

76.172 

72.838 
- 7 -3 , 4 1 6 . , 
7 . 4 1 6 
69,0 80 


-23.211 

-20.600 

-18.493 

- 1 6 .640 

- 1 O . O 3 S 

- 1 i .6 30 
-1 2 . 392 
-1 1 .292 
-10.308 

-9.424 


14 6. 4 '^2 

66.499 

-S . S90 

146.095 

63.432 

-6,1 34 

l4S. 780 

6'''. 374 

-4,712 

146.466 

07. A A 1 

-4 . 320 

1 4 S . 1 6 1 

64.299 

-3.966 

144.837 

6 1.274 

-3.610 

144*624 

4 , 2 6 1 

-3.296 

144 . 2 1 ■> 

4^.266 

-2.99 7 

1 4 ^ , 9 *' • 

4 2.26 3 

-2.717 

14 3. ^9/ 

3 9.2 80 

-2 .4*- 3 

14 J.27 ' 

^6. 304 

-2 . 204 

14? . V9 A 

‘3.333 

-1 .969 

1 4 2 . 6 9 -7 

1 0 . ^ 7S 

- I .747 

1 42. 406 

27.423 

-1.037 

142.117 

2 4,4 76 

- 1 . 3 3 7 


460'^ 

4700 

4flC0 

4F40.0 7 . 
<.842 .,, / 


Cl . 0 4 

f 1 .2 1 1 
- 6 I . 2 7 H . 
6 1.27^ 


0 3 . 6 f. 

A , 8 A 4 
•’ * . '>6 4 
•^4.132 
7 J 


04,690 
---04 . 7m9 - 
0 4 . 74 9 


2 6. I 37 

1 4 I ,834 

2 1.641 

- i . 1 4b 

2 6 . M 6 H 

! 4 1 . , S ■ 

i 6,60 9 

-0.968 

27.683 

IM 1 R-' 

r . /■> R 9 

-0.797 

2 H . } 1 3 

141.010 

12.770 

- 0 • t> 3 4 

29.04 7 

1 4 0 • /44 

/ . 8 6 7 

- 0 . •* 7 9 

29.786 

1 4 0 . 4 ri 2 

o . y 

- 0 . 3 J 0 

AO. 628 

1 4 ^ . 2 2 ' 

4.;''>*- 

-0.189 

3 1 * 2 7 

i 1 > .n 

1 . 1 (.0 

- 0 , C ■> i 

- - A 1 . 6 7 6 

31.070 

1 37.8 71 

0.0. >0 



4 9'' *> 

7.62 2 

/, 1 ,366 

6 4 , 8 A 2 

■'■'.024 

SO 00 

7.64V 

/ 1.618 

‘ 4 . 76.’ 

? '78 

01 OP 

7. S94 

61 .668 

S^ ,''‘92 

33.036 

6 2 '' 0 

7,628 

61.616 

‘ ^ , 2 

’4.297 

6 3'r 

7.6 60 

6 1 .‘'6 1 

6*' . 3m/, 

»•- .061 

6400 

7.6'yl 

62 . ios 

'6.47- 

AO . 829 

6 S' 0 

7.72 7 

6 2.746 


36.600 

'jfiOC 

7. 748 

62 . 386 

6 6.71 2 

*7.37^ 

^ iro 

7,711* 

6 7 . S 2 A 

6 6 • 8 A 0 

371. 149 

SflCO 

7. 79P 

• . ' H 

' • , >4 / 

3 8 . 9 2 H 

'9'' 0 

7.P21 

S ». 7-' ’ 

*■ / •"'62 

AO, ;p » 

jO-' 

7,84 2 

/ 2.92 A 

‘'.17, 

40.4 J2 
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TECHNETIUM (Tc) 


(IDEAL MONATOMIC GAS) 


gfw » 99* 


Ah°o = 154. 749 kcal gfw'* Ah° 298 . jg = >55. 000 kcal gfw-1 

Ground State Configuration = ^ 82 A ^298. 15 ' *gfw*I 

^298. 15‘”o ' 

Electronic Levels and Multiplicities 
Spectroscopic energy levels from Moore. ^ 

Heat of Formation 

Estimate of Stull and Sinke^ adopted. Based on vapor-pressure 
estimates of Brewer. ^ 

Heat Capacity and Entropy 

Calculated on monatomic-gas computer program. 

References 
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Isotope of longest known half-life. 

technetium* M0NAT0MIC (Tc) MOEAL CAS) ' GFw • 99 

SUMMARY uncertainty ESTIMATES 




r-lZ-’K gf 







o 



. o' - ^ r 




T, 



(F 

r - H298>' T Hj - H„g 



1 

2se*is 

A 0.000 

A 0.002 


0.002 A 0.000 

A 5.000 

A 5.150 

±3.770 

1000 

A 0,001 

A 0.002 


0.002 A 0,000 

A 5, lAO 

A 5.600 

A 1 ,220 

2000 

aO.OOI 

A 0-003 


0.00 3 A 0,001 

± 5,690 

± 6. 630 

±0,720 

2473 

A O.OOl 

A 0,003 


0.003 ±0,001 

± 4,420 

A 7,280 

±0,640 

2473 

*0,001 

* 0.003 


0,003 A O.OOl 

A 7,420 

A 7.200 

±0,640 

3000 

AOXOOl 

A 0.003 


0.003 A 0,001 

A 7.960 

± 0.340 

±0,610 

4000 

aO.001 

A 0,003 


0.003 A 0.002 

A 9.510 

A 1 1 .810 

±0.650 

4840*07 

±0,001 

± 0,003 


0.003 A 0.002 

A 13.200 

A14.600 

±0.660 

4840*07 

A 0,001 

A 0.003 


0.003 * 0.002 




5000 

A 0,001 

A 0,003 


0.003 A‘0.002 




8000 

A 0.001 

A 0,003 


0.003 A 0.003 
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TADLE 


THORIUM 


reference state 

R«for»nce State for Calc 1 • 

Liquid Th from m *^R' from 0* to 202A*K 

~ “ — Th from S060* to 6000* K 


^ 060.?6 

5060 . 26 ' 

5100 

5200 

5300 

5400 

5500 


to 5060*K r- • 0- to 

” K. G aaeoua Th fr om S060* to 6000* K 

— c«i/»K gr« =- 

e" o Z ^ / 

^ ah! ^ 


0 

298.15 

300 

600 

500 

0.000 
6.532 
6.537 
6 . 792 
7.067 

0.000 

12.760 

12.800 

16.716 

16.259 

infinite 

12.760 

12.760 

13.020 

1 3 » 5 ia 

“ 1 .556 

o.ooc 

0.012 

0.679 

1.370 

600 

700 

800 

900 

1000 

7.302 

7.557 

7.812 

8.067 

8.368 

17. 566 
18.711 
19.737 
20.671 
21.536 

16.086 

16.667 

15.238 

15.790 

16.322 

2.088 

2.831 

3.599 

6.393 

5.216 

1100 

1200 

1 300 

1600 

1500 

8.730 
9.1 70 
9.702 
10.361 
11.106 

22.350 

23.128 

23.882 

26.626 

25.362 

16.833 

17.325 

17.801 

18.262 

16.710 

6.068 

6.963 

T .906 

8.907 

9.978 

1600 

1633 

1 A ^ ' 

12.001 
12.338 

26.107 
26.356 

19.150 

1 Q . PO-X 

11.132 

10 13 

1 700 

1 800 

1900 

.000 

1 1 . 000 “ 
1 1 .000 

1 1.000 

1 1 .000 

1 1.000 

17.186 
19.596 12.923 

27.827 20.036 14.023 

28.422 20.462 15.123 

28.986 20.874 16.223 

2028 

2028 

2100 

2200 

2300 

2600 

2500 

1 1 .000 

1 » .000 

1 1 .000 

1 1 .000 

1 1.000 

1 1.000 

1 1 .000 

29,139 
" 11 .039 

31 .422 

31 .934 
32.423 
32.091 
33.340 

20.987 

20.987 

21.339 

21.809 

22.260 

22.693 

23.110 

16.531 

20.386 

21.176 

22.276 

23.376 

26.476 

25.576 


2600 

2700 

2000 

1 1 .000 
1 1 .000 
1 1 . 000 , 

33.772 
34.187 
- 34.56 7 , 

23.512 

23.899 

2900 

3000 

1 1.000 

1 1 .000 

34.973 

35.346 

■ ■ ■■ 24 . 274 , 

24.636 
24.907 

3100 

3200 

3300 

3400 

3500 

1 1.000 

1 1.000 

1 1.000 

1 1 .000 

1 1.000 

35.707 

36.056 

36.394 

36.723 

37.042 

25.327 

25.657 

25.977 

26.209 

26.591 

3600 

3700 

3800 

3900 

4000 

1 1.000 

1 1 .000 

1 1-000 

1 1 .000 
11.000 

37.351 

37.653 

37.946 

30.232 

30.510 

26.886 

27.173 

27.452 

27.725 

27.991 


1 1 .000 
1 1 .000 
1 1 .000 
1 ] .000 
1 1.000 

I 1.000 
1 1.000 

I I .000 
11.000 
1 1 .000 


3e.782 

39.047 

59.306 

39.569 

39.806 


28.251 
28.505 
28. 753 
28.996 
29.234 


26.676 
4 . 7.776 

— 28.876 
29.976 
31.076 

32.176 
33.276 
36.376 
35.476 
• 5 76 

37.676 
38.776 
39.876 
60.976 
62.076 

63.176 

46.276 

65.376 

46.476 

47.576 


60.048 

29.466 

48.676 

40.284 

29.693 

49.776 

40.516 

29.91 7 

50.876 

40. 743 

30.136 

51.976 

40.965 

30.350 

53.076 

61 .097 

30.477 

■ •739 

65 . 357 “" 

30*477 1 76*504 

65.430 

30. 749 

1 76.875 

6‘^.612 

31.41 7 

1 77.812 

65.792 

32.065 

1 78.753 

65.968 

- 32.691 

1 79.690 

66.142 

33.297 

1 80 • 646 

66.314 

33.806 

181.597 

66.462 

34.456 

182.551 

66.649 

35.010 

183.507 

66 «ei 3 

35.548 

184.466 

66.974 

36.070 

105.426 


15 December 1962 
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THORIUM (Th) 


(REPCRJCNCE STATE) 


gfw « lU. 0» 



O'^K to 2028"K 

CryaUl 


2O20OK to S060^K 

Liquid 


5060OK to 6000”K 

Ideal Monatomic Caa 

Ah» . 0 


^“f298 15 ' ® 

^****98. 15 ” 

137. 700 krai gfw'^ 

®298. 15 “ ^ 

Tf = 1633 "k 


Ah, B 0. 653 kcal gfw'^ 

1= 20^8^K 


Ah^ = 3. 853 kcal gfw'* 

Tb = 5060®K 


Ah^ = 122. 765 kcal gfw* 


^Z98. 15”*^0 ~ *■ f/w"^ 

Cj 3 5. 773 > 2. 548 x lO'^T cal dag K->gfw-* 298. I5°K ^ T ^ 800”K 

Cp » 5. 553 + 4 928 X IQ-^t - 4. 703 x I0*<>T^ cal dag K"*gfw“* 

aOO®K ^ T ^ 1633°K 

Cp * 11. 000 cal dag K-^gfw- J 1633°K ^ T ^ 2028°K 

Cp - 11. 000 cxl dag K~‘g/w'' 2028®K ^ T ^ 5060 “k 

Structure 


Two modlficatlona f. c. c. (A1 ) and b. c. c. (A2) typa. 


Heat of forma t Ion 


Zero by definition. 

Heat Capacity and Entropy 

Low* temperature data from GrlffeL and Shochdopole. ^ Wallace' a^ high- 
temperature hcat-capacity data joined amoothly to low-temperature data 
Liquid heat capacity eatimated. 

Melting and Vaporiaation 

Heat of fuaion taken from eatimate of Stull and Sinke.^ Vapor-preaaure 
daU of Darnell et al^ adopted. Sea volume 1, thia atudy (aectton IVA29) for 
data lie. 

Referencea 

1. Griflel. M and R. E. Shochdopole. J. Am Cham Soc. 7S, 5250 
(1953). 

2. Wallace, D. , Phya. Rev. 120, 84 (1956). , 

3. Stull. D. R. and G. C, Stnke. Advance a in Chemtatry, Ser. 18, Am. 
Chem. Soc. .Waahington. D. C. (1956). 

4. OarneLl, A. J. . W. A. McCollum,and T. A. Milne. J. Phya Chem. 
64. 341 {I960). 


TM0RIUM (Th) 


(REFERENCE STATE) OFW ■ 232.05 

aUHHAPT X ' umcertaimty estimates 




eal/"K mtm 






4 * 

o 



A 


T.^IC 



-(Ft - Hp9,)/T 

*<T - ”298 

Ah, 


log Kp 

298*15 

± 0*050 

4 0*200 

4 0*200 

4 0.000 




1000 

4 0*150 

4 0*260 

4 0*220 

4 0*040 




163 ) 

* 0*250 

4 0*360 

4 0*260 

4 0*160 




163 ) 

4 1 *000 

4 0 * 480 

4 0*260 

4 0 * 360 




2028 

4 1*000 

4 0*700 

4 0*320 

4 0*760 




2028 

4 0*600 

4 1*190 

4 0*320 

4 1*760 




3000 

4 2*800 

4 1*860 

4 0*720 

4 3*410 




4000 

4 5 * 000 

4 2*980 

* 1*150 

4 7*310 




5060*26 

4 7*300 

4 4*420 

4 1*690 

413*830 




5060*26 

4 0*500 

4 0*465 

4 0*220 

4 1*230 




6000 

4 0*600 

4 0*575 

4 0*280 

4 1*780 
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TABLE 23ft 


THORIUM 


IDEAL MONATOMIC GAS 


R«(ttr«nce State for Calculating AH). AFf, and Log K-: Solid Th from 0* to 20M' 
Liquid Th from ^0^8* to 5060* K. Gaaeoua Th from i060* to 6000* K. 









t,*e 

's 

o • 

» m 

MT - H 298 

ahJ 


0 

0.000 

0.000 

IHFINITE 

- 1.681 

137.775 

137.775 

298.15 

6.969 

65.626 

65.626 

0.000 

137.700 

127.961 

300 

6.969 

65.657 

65.626 

0.009 

137.697 

127.900 

600 

6.982 

66.888 

65.621 

0.506 

137^527 

126.660 

500 

5.039 

68.006 

65.990 

1 .007 

137.337 

121.666 

600 

5.171 

68.936 

66.605 

1.517 

1 37.129 

118.309 

700 

5.388 

69,766 

66.826 

2.066 

136.913 

115.189 

800 

5.679 

50.686 

67,237 

2.597 

1 36.698 

112.101 

900 

6.022 

51.172 

67.637 

3.182 

1 36.689 

109.038 

1000 

6.390 

51.825 

68.023 

3.802 

136.288 

105.999 

1100 

6.761 

52.652 

66.398 

6.660 

136.092 

102.978 

1200 

7.116 

53.056 

68.761 

5.156 

135.891 

99.977 

1300 

7.661 

53.638 

69.116 

5.882 

135.676 

96.993 

1600 

7.729 

56.201 

69,657 

6.661 

135.636 

96.027 

1500 

7.975 

56.762 

69.791 

7.626 

1 35.168 

91.078 

1600 

8.180 

55.266 

50.117 

8.235 

136.803 

88.153 

1613 

8 . 260 ... 

55.632 

.. 50 . 222 .. 

8 . 508 . 

.. 136 . 675 . 

87 . 193 -. 

1633 

8.260 

55.632 

50.222 

8.508 

1 » 6.022 

87.193 

1700 

8.366 

55.765 

50.635 

9.061 

1 33.838 

85.276 

1800 

8.676 

56.266 

50.766 

9.903 

133.580 

82.626 

1900 

8.576 

56.707 

51.066 

10.755 

133.332 

79.590 

2000 

8.666 

57.169 

51 .360 

11.616 

133.093 

76.768 

202 a 

8.661 

57.268 

51.620 

11.859 

133.028 

75.982 

2028 

8.661 

57.268 

51.620 

11.859 

129.175 

75.982 

2100 

8.695 

57.572 

51.627 

12.686 

129.008 

76.095 

2200 

8.727 

57.977 

51.907 

13.355 

128.779 

71 .686 

2300 

8.765 

58.365 

52.179 

16.229 

128.553 

68.886 

2600 

8.756 

58.736 

52.665 

15.106 

128.328 

66.295 

2500 

8.755 

59.095 

52.703 

15.979 

128.103 

63.718 

2600 

8.751 

59.638 

52.956 

16.856 

127.878 

61.166 

2700 

8.766 

59.769 

53.202 

1 7.729 

127.651 

58.582 

2800 

8 . 760 -- 

-- 60 . 087 -- 

-- 53 . 662 - 

1 8.606 

--- 127.628 

56.030 - 

2900 

8.735 

60.393 

53.677 

19.677 

127.201 

53.681 

3000 

8.732 

60.687 

53.906 

20.351 

126.975 

50.963 


1100 

1200 

1300 

laOO 

3500 


8.732 60.976 
8.735 61.253 
8.762 61.522 
8.756 61.783 
8.769 62.037 


56.129 21.226 
56.367 22.097 
56.561 22.971 
56.769 23.866 
56.973 26.722 


126.768 68.616 
126.521 65.892 
l ?^:.^95 63.373 
126.(170 60.868 
125.866 38.363 


3600 

1700 

3600 

3900 

6000 


8.789 

8.612 

8.839 

8.870 

8.903 


62.286 

62.525 

62.761 

62.991 

63.216 


55.173 

• 55.369 

55.560 

55.768 

55.931 


25.600 

26.600 
27.362 
28.267 
29.136 


125.626 
1 25.606 
125.186 
126.971 
126.760 


35.867 

33.375 

30.890 

28.610 

25.960 


6100 

6200 

6300 

6600 

6500 

6600 

6700 

6600 

6900 

5000 

5060.26 

5060.26 

5100 

5200 

5300 

5600 

5500 

5600 

5700 

5800 

5900 

6000 


8.960 

63.636 

56.112 

30.028 

126.552 

23.670 

8.978 

61.652 

56.289 

30.926 

126.368 

21.007 

9.018 

61.863 

56.662 

31.826 

126.168 

18.551 

9.060 

66.071 

56.633 

32.728 

123 . y 52 

16.097 

9.103 

66.275 

56.801 

33.636 

175.760 

13.668 

9.166 

66.676 

56.965 

36.568 

12 3.572 

11.205 

9.189 

66.673 

57.127 

35.665 

123.389 

8.760 

9.232 

66 .867 

57.286 

36.386 

123.210 

6.329 

9.275 

65.058 

57.663 

37.312 

123.036 

3.896 

9.316 

65.265 

57.597 

38.261 

122.865 

1 .665 

9 . 360 . 

.. 65 . 357 , 

,, 57 . 689 ,,. 

. 38.806 

122.765 

0.000 

9.360 

65.357 

57.689 

38.806 



9.356 

65.610 

57.769 

39.175 



9.396 

65.612 

57.899 

60.112 



9.630 

65.792 

58.066 

61.053 



9.666 

65.968 

58.191 

61 .998 



9.696 

66.162 

58.336 

62.966 



9.525 

66.316 

58.675 

63.897 



9.552 

66.682 

58.616 

66 .851 



9.575 

66.669 

58.751 

65.807 



9.596 

66.811 

58.886 

66.766 



9.613 

66.976 

59.020 

67.726 




IS December 1962 


Th 


Leg 


INFINlTC 

- 93.793 

- 93.171 

- 68.108 

- 53.089 

- 63.092 

- 35.962 

- 30.623 

- 26.677 

- 23.165 

- 20.659 

- 18.207 

- 16.305 

- 16.678 

- 13.269 

- 12.061 
..- 11.669 
- 11 .669 
- 10.962 
- 10.007 
- 9.155 
- 8.388 

- 8.188 

- 8.188 

- 7.711 

- 7.101 

- 6.565 

- 6.037 

- 5.570 

- 5.160 

- 6.762 

6.373 

- 6.030 

- 3.711 

- 3.613 

- 3.136 

- 2.872 

- 2.627 

- 2.395 

- 2.177 
- 1.971 
- 1.776 
- 1.592 
-1 .617 

-1 .251 
- I .093 
- 0.963 
- 0.799 
- 0.663 

- 0.532 

- 0.607 

- 0.288 

- 0.176 

- 0.066 

0.000 


Rcr 
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THORIUM (Th) 


(IDEAL MONATOMIC GAS) 


gfw = 232, 05 


Ah®o = 137. 775 kcal gfW* ^ ”f298. 15 "" * 

Ground State Configuration =^F 2 ®298. 15 " ^”*8^'*'*^ 

^298. 15*^0 ~ 1-481 kcal gfw'* 

Electronic Levels and Multiplicities 
Spectroscopic energy levels from Zalubas. ^ 

Heat of Fornnation 

2 A 

Vapor-pressure data from Darnell et al. ^^^298 ^®*'*^ved from a 

Third Daw calculation. 

Heat Capacity and Entropy 

Calculated from the monatomic-gas computer program. See volume 1, 
this study (section IVA29) for details. 

References 


1. Zalubas. R. . J. Rea. NaU. Bur. Stda. (U. S. ) 63A. 275 (1959). 

2. Darnell, A. J. , W. A. McCollum,and T. A. Milne, J. Phys. Chem. 
64. 341 (1960). 


TH0AIUM« HSMAT0MIC (Th) 


(IDEAL aAS» 


GFW • 232. 0& 


SUMHAai Jlf gSTlMATES 






K gfv. 








/" o 



o «» 





t.*k 


S 


-(F 

T-H29g 

)/T H-j- > Hjqgr 

AH, 


Log Kp 

200.1S 

A 

O.OlO 

A 0.005 

A 

0.005 

A 0.000 

A 1.000 

A 1.060 

A 0.780 

1000 

A 

0*100 

* 0*039 

A 

0.027 

A 0.032 

A 1 .070 

A 1.250 

A 0.270 

1633 

A 

0*160 

A 0.120 

A 

0.050 

A 0.120 

A 0.280 

A 1.510 

A 0.200 

1633 

A 

0*160 

A 0.120 

A 

0.050 

A 0.120 

A 0.480 

A 1.510 

A 0.200 

2028 

A 

0.200 

A 0*160 

A 

0.070 

A 0.180 

A 0.940 

A 1.790 

A 0.190 

2028 

A 

0*200 

A 0.160 

A 

0.070 

A 0.180 

A 1.940 

A 1.790 

A 0.190 

3000 

A 

0*300 

A 0.260 

A 

0.120 

A 0.430 

A 3.840 

A 3.520 

A 0.260 

4000 

A 

0*400 

A 0*363 

A 

0.170 

A 0.780 

A 8.090 

± 6.280 

A 0.340 

3060*26 

A 

0*300 

A 0*463 

A 

0*220 

A 1.230 

±15.060 

A 10.660 

A 0.460 

3060*26 

A 

0*300 

A 0.463 

A 

0*220 

A 1.230 




6000 

A 

0.600 

A 0.573 

A 

0*260 

A 1. 780 
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TABLE 2^9 


TITANIUM 


REFERENCE STATE 


R.f.r.nc. sut, (or C.lcuU.ing AHJ . AFJ, .od Log Kp: Solid Tt trom 0* ,o USO'K, 
'o JS50*K, Ga.oou. Ti from iSiO* to 6000* K. 


Tl 


t,*k 


0 

0.000 

298.15 

5.970 

300 

5.980 

400 

6.360 

500 

6.620 

600 

6.640 

700 

7.020 

800 

7.180 

900 

7.330 

1000 

7,470 

1100 

7.600 

1155 

_ 7,667 

1155 

7.667 

1200 

7.720 

1300 

7.840 

1400 

7.950 

1500 

8.060 

1 600 

8.160 

1700 

6.260 

1800 

8.360 

1900 

8.460 

1 950 

8.510 

1 95Cl 

8.000“ 

200U 

8.000 

2100 

8.000 

2200 

8.000 

2300 

8.000 

2400 

8.000 

2500 

8.000 

2600 ■ 

8.000 

2 700 

8.000 

2800 

8.000 

2900 

6.000 

3000 

8.000 

3100 

8.000 

3200 

8.000 

3300 

6.000 

3400 

8.000 

3500 

8.000 

3550 

8,000 

3550 

6.066 ' 

3600 

6.137 

3700 

8.274 

3800 

8.408 

3900 

6.539 

4000 

8.666 

4100 

8.790 

4200 

8.910 

4300 

9.026 

4400 

9.137 

4500 

9.244 

4600 

9.346 

4700 

9.443 

4800 

9.535 

4900 

9.623 

5000 

9.706 

5100 

9.7S4 

5200 

9.857 

5300 

9.926 

5400 

9.990 

5500 

10.050 

5600 

10.105 

5 700 

10.155 

5800 

10.202 

5900 

10.245 

6000 

10.284 


4 -(fj - H 


798^ 


. Kral/ffv 
AH? 




0.000 

7.330 
7.367 
9.1<.7 
10. 595 

1 1.82? 
12.890 
13.838 
14.693 

15.472 

16.190 
^16.563 
17.385 
1 7.679 

18.302 
18.887 
19.439 

19.963 
20.460 
20.935 
21.390 
21 .610 
“23.507“ 
23.710 

24.101 

24.473 
24.829 
24.169 
25.496 

25.809 

26.111 

26.402 

26.683 

26.954 

27.21 7 
27.470 
27.717 

27.955 
28.187 

28.303 

" 57.162“ 
57.275 
57.500 
57.723 
57,943 
58.160 

58.376 

58.589 

58.800 

59.009 

59.216 

59.420 

59.622 

59.822 

60.019 

60.214 

60.407 

60.598 

60.787 

60.973 

61.157 

61.336 
61.527 
61 .694 
61.869 
62.042 


infinite 

7.330 

7.330 

7.570 

6.035 

6.566 

9.109 

9.642 

10.157 

10.650 

11.121 
_ 11.372 
11.372 
1 I .603 
12.094 

12.559 
12.999 

13.418 

13.818 

14.200 

14.567 

14.745 

14.745“ 

14.966 

15.392 

15.796 

16.181 

16.549 

16.900 

17.237 

1 7.560 
1 7.871 
18.170 
18.458 

18.736 

19,005 

19.266 

19.518 

19.762 

19.881_ 

19,881 

20.400 

21.400 
22.353 
23.262 
24.132 

24,965 

25.763 
26.529 
27.265 
27.972 

26.654 
29. 310 
29.944 
30.556 

31.147 

31.719 

32.272 

32.809 

33.328 

33.833 

34.322 

34,798 

35.260 

35.710 

36.147 


L®! Kp 


-1,150 

0.000 

0.011 

0.631 

1.280 

1.953 

2.647 

3.357 

4.082 

4.822 

5.576 

5.996 

6.946 

7.292 

8.070 

8.860 

9.660 

10.471 
11.292 
12.123 
12.964 
1 3.388 

17.088 

17.489 

18.289 

19.089 

19.689 

20.689 

21 .489 

22.289 

23.089 

23.689 

24.689 

25.489 

26.289 

27.089 
27.889 

28.689 

29.489 

_ 29.889 
1 32.346 
1 32.751 
133.571 
1 34.405 
1 35,253 
1 36.11 3 

1 36.986 
1 37.871 
1 38.768 
1 39.676 
140.595 

141.524 
142.464 
43*41 3 
144.371 
145.337 

146.312 

147.294 

140.283 

149.279 

150*281 

151 .289 
152.302 
153.320 
154.342 
155.368 


May 1962 
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TITANIUM (Tl) (REFERENCE STATE) gfw = 47. 90 

0 ®K to 1950 Crystal 

1950 to 3550 I^lquid 

3550 to 6000 Ideal Monatomic Gae 

AH?o =■ 0 

*“*^298 15 * gfW* 

Tj = 11 55 ®K 

T„ = 1950 ®K 
m 

« 3 550 ®K 

"298. 15 ■ "O * *• «*•■* 

Structure 

L«ow temperature form (o - T4) le h. c. p- ; Wgh temperature form (ft “ Tl) 
la b. c. c. 

Heat of Formation 

Zero by definition 
Heat Capacity and Entropy 

JANAF^ tables results were accepted for this table. 

Melting 

Five values agreed with JANAF^. 

Vapo^-iaation 

Three determinations had been made. Further details are given by 
Barriauit et al^. 

Ibsferencss 

1. JANAF Thermochemical Tables, Dow Chemical Co., Midland Mich. (1960). 

2. Barriauit. R,. et ASD TR-61 -260(May 1962)^ Pt. I. 


AH 


f298. 15 


S^^g 15 ” cal dcgK*^ gfw“* 

AH^ * 0. 950 Kcal gfw’^ 

AH^ * gfw"^ 


TlTAhlUM (Tl) (R6FEREMCC STATE! 

SUMMARY Jf UMCERTAIgiTT 


GFW - A7.90 






_Kc»l/ffv 



T.f 

''c; 

St 

“<^T * **29S*^‘*’ 

9 . 

amJ 

«»\ 

af/ 


298*15 

s 0.050 

40.020 

40.020 

40.000 




1000 

SO. 500 

4 0.346 

40.157 

40.169 




1155 

4 0.500 

40.411 

^0.166 

*0.246 




1155 

4 0.500 

4 0.504 

40.166 

40.366 




1950 

4 1.000 

4 0.696 

40.403 

*0.962 




1950 

4 1.000 

4 1.152 

40.403 

*1.462 




2000 

4 1.000 

4 1.177 

*0.421 

41.512 




3000 

4 2fl000 

* 1.765 

40.761 

*3.012 




9550 

4 2.000 

* 2.121 

*0.963 

*4.112» 




3550 

* 2*000 

4 0.003 

*0.264 

* 1.002 




4000 

4 0.002 

4 0.003 

40.253 

4 1.002 




5000 

4 0.005 

4 0.003 

40.203 

* 1.003 




6000 

4 0.010 

4 0.003 

40.170 

4 1 *004 
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table 24Q 


TITANIUM 


ideal monatomic gas 


Rtjferonce Stat« for CalcuUtinR AF* i c 

Liquid Ti from 1950“ lo JSSO-'/^r* ^ I950*K, 

— — Ti from 3550* to 6000* K. 


TI 


t.-^k 


0 

298.15 

300 

400 

500 

600 

700 

600 

900 

1000 

1100 
1155 
1155 
1 200 
1 300 
1400 
1500 

1 600 
1 700 
1 600 
1900 
1950 ^ 
1950 
20 Cw 

2100 

2200 

2300 

2400 

2500 

2600 

2700 

2800 

2900 

3000 

3100 

3200 

3300 

3400 

3500 


3550 

3550 ■ 

3600 

3700 

3800 

3900 

4000 

4100 

4200 

4300 

4400 

4500 

4600 

4700 

4800 

4900 

5000 

5100 

5200 

5300 

5400 

5500 

5600 

5700 

5800 

5900 

6000 


n — 

c « l/"ic j 

s 


0.000 

0.000 

5.838 

43.068 

5.831 

43.104 

5.522 

44.735 

5.344 

45.946 

5.237 

46.91 1 

5.170 

47.712 

5.128 

48.400 

5.104 

49.002 

5.095 

49.539 

5.106 

50.025 

5.118 

50.275 

5.118 

50.275" 

5.132 

50.4 71 

5.1 76 

50.663 

5.237 

51 .269 

5.313 

51.633 

5.403 

51 .978 

5.506 

52.309 

5.616 

52.627 

5.736 

52.934 

5.799 

... 53.084 

5.799* 

53.084' 

5.863 

55.231 

5.995 

53.520 

6.131 

53.002 

6.269 

54.078 

6.411 

54.340 

6.553 

54.612 

6.698 

54.87? 

6.843 

55.127 

6.988 

55.379 

7.134 

55.627 

7.281 

55.671 

7.427 

56.112 

7.571 

56.350 

7.715 

56.585 

7.85 7 

56.816 

7.998 

57.040 

8.068 

57.162 

" 8.068" ■ 

"■ 57.162 '■ 

8.137 

57.275 

8.274 

57.500 

8.408 

57. 722 

8.539 

57.94? 

6.6 66 

58.160 

8.790 

58.376 

8.910 

58.589 

9.026 

58.800 

9.137 

59.009 

9.244 

59.215 

9.346 

59.419 

9.443 

59.621 

9.535 

59.821 

9.623 

60.019 

9.706 

60.214 

9.784 

60.407 

9.857 

60.598 

9.926 

60.766 

9.990 

60.972 

10.050 

61.156 

10.105 

61 .338 

10.156 

61 .517 

.10.202 

61 *694 

10*245 

61.869 

10.284 

62.041 






*^298 


-Kcl/gl. 


infinite 

43.068 

43.068 

43.293 

43.707 

44.164 

44.615 

45.046 

43.453 

45.835 

46.194 

,.46.383 

46.383 

46.532 

46.851 

47.153 

47.440 


- 1.802 
0.000 
0.01 1 
0.577 
1.120 

1 .646 
2.168 
2.683 
3.194 
3.704 

4.214 
. 4.496 
4.496' 
4.726 
5.241 
5. 762 
6.289 


1 1 1 .838 
1 12.490 
1 12.490 
1 1 2.4 36 
112.330 

112.185 
112.011 
1 1 1.616 
1 1 1.602 
111.372 

111.128 
..110.990 
1 10.040 ' 
> 109.924 
109.661 
109. 392 
109.119 


47.71 3 

6.825 

1' 3.644 

47.974 

7.370 

108.568 

48.223 

7.926 

1 08.293 

48.463 

8.494 

108.020 

48.580 

0.782 

107.884 

48.580* " 

8.782* 

104.184 

48.694 

9.074 

104.075 

48.91 7 

9.667 

103.868 

49.133 

10.273 

103*674 

49.342 

10.893 

103.494 

49.545 

11.527 

103.328 

49.742 

12.175 

103. ) 76 

49,934 

12.837 

103.036 

50.122 

13.514 

102.915 

SO , 305 

14.206 

102.607 

50.485 

14.912 

102.713 

50.660 

15.633 

102.634 

50.832 

16*368 

102.569 

51.001 

17.118 

102.519 

51 *166 

1 7.882 

10/ .483 

51 .329 

16.661 

102.4*2 

51.489 

19.454 

102 .W .5 

5 1.569 

19.856 

102.458 

“51 .569’"' 

" 19.856 


51.647 

20.261 


51 .802 

21 .061 


51.955 

21.915 


52.106 

22,763 


52.254 

23.623 


52.401 

24.496 


52*546 

25.381 


52.689 

26.277 


52.830 

27.186 


52.970 

28.105 


53.108 

29.034 


53.244 

29.974 


53,379 

30.923 


53.513 

3 U 061 


53,645 

32.047 


53.775 

33.822 


53.905 

34.604 


54.033 

35. 193 


54.160 

36.789 


54.285 

37.791 


54.509 

38. 798 


54.533 

39.812 


54.654 

40«829 


54.775 

41.852 


54.095 

42.678 





111.838 

infinite 

101 .835 

-74.643 

101.769 

-74.135 

98.201 

-53.652 

94.654 

-41.371 

91.132 

-33.193 

67.636 

-27.360 

84. 167 

-22.992 

80-724 

-19,602 

77.305 

-16.894 

73.909 

-14.684 

72.052 

..-13.633 

72.052' 

-13.633 

70,574 

-12.853 

67.306 

-11.315 

64.057 

-9,999 

60.829 

-8.862 

57.619 

-7.870 

54.425 

-6.996 

51.248 

-6.222 

48,087 

-5.531 

46.512 

-5.213 

■ 46 . 512 ’ 

‘"■-5.213 

45.033 

-4.921 

42.007 

-4,380 

39,150 

-3*889 

36.222 

-3.442 

33.299 

-3.032 

30.386 

-2 .656 

27,475 

-2,309 

24.571 

-1.989 

21 .672 

-1.691 

18.776 

-1 .415 

15.883 

-1.157 

12.994 

-0.916 

10.102 

“0.690 

7.218 

-0.478 

4.328 

-0,278 

1 .443 

-0.090 

0.009 

0.001 


May 1962 


HLS 
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TITANIUM, MONATOMIC (Ti) 


(IDEAL GAS) 


gfw = 47. 90 


= 111.838 Kcal g£w'^ 

AH °298 15 = 112-490 Kcal gfw'l 

Ground State Configuration 2 

®298. 15 "" 43.068 cal degK"* gfw*l 

”298.15 -»0 1.802 Kcal gfw- 1 



Electronic levels and multiplicities 


Atomic energy levels from Moore 
Heat of Formation 


Based on three vaporization determinations. 

Heat Capacity and Entropy 

A table had been calculated using the data from the present project. It 
agreed well with JANAF^. In the interest of consistency, the latter data were 
accepted. 

References 


1. Moore, C, , Atomic Energy Levels Vol.l Nat. Bur. Stds. ( 1 949) 

2. Barriault, R., etal.ASD TR-61-260 (May 1962), Ft. I. 

3. JANAF Thermochemical Tables, Dow Chemical Co. (1960). 


titanium* MSNATSMIC (TO (IDEAL (iASi 


orw • 4.7.90 


SUMMARY jfif uncertainty ESTIMATES 




rm\/ gl 







■ "■ 


0 e ^ 

fa 0 




T.*K 



T - ”298^^'*’ 

Mj - ”298 

Ml, 


1 rtg Kp 

298.15 

A 0.000 

AO . 002 

±0.003 

AO. 000 

A 1.000 

A 1 .007 

±0.736 

1000 

± 0.001 

A0.002 

±0.003 

±0.001 

*1.190 

±1.160 

*0.253 

1155 

A 0.001 

:ft0.002 

± 0.003 

± 0.001 

± 1.267 

± 1.220 

*0.230 

1155 

A 0.001 

±0.002 

A 0.003 

±0.001 

A 1 . 367 

± 1.220 

± .2 30 

1950 

± 0.001 

AO. 002 

A 0.003 

A 0.001 

A 1 .963 

±1.791 

* 0.200 

1950 

* 0.001 

±0.002 

A 0.003 

A O.OOl 

A 2.463 

± 1.791 

* 0.200 

2000 

± 0.001 

±0.002 

A 0.003 

AO. 001 

A2.5I 3 

± 1 .648 

±0.201 

5000 

± 0.001 

±0.003 

A 0.00 3 

A 0.002 

A 4.014 

± 3.352 

± 0.244 

3550 

A 0.002 

±0.003 

A 0.003 

A 0.002 

^5.114 

A 4.429 

± 0.272 

3550 

A 0.002 

AO. 003 

A 0.003 

* 0.002 




4000 

A 0.002 

AO. 003 

A 0.002 

A 0.002 




5000 

A 0.005 

±0.003 

A 0.003 

A 0*003 




6000 

A 0.010 

±0.003 

A 0.004 

^0*004 
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TABLE 241 


URANIUM REFERENCE STATE 

Re(«r«nc« Slata for Calculating Ah^, af” . and Log K : Solid U from 0" to 1406* 
Liquid U from 14Q6* to 4124*K. Gaaaoua U from 4124* to 6000* K. 


r . 



- H 59 ,)/T 


6 

0*000 

o.ooo 

Infinite 

- l * 52 l 

29 e « i » 

6*396 

11.993 

11*993 

0*000 

300 

6*608 

12.036 

11.993 

0*012 

400 

7*074 

14 . U 02 

12.260 

0.697 

300 

7.369 

13.632 

12.776 

1.426 

600 

6*193 

17.063 

13.373 

2.213 

700 

6*963 

16.363 

13.996 

3.072 

•00 

9*933 

19.646 

14*624 

4*018 

900 

11*109 

20*663 

13.231 

3.069 

940 

11*623 

21.377 

13.301 

3.324 

940 ' 

10*130 

22 . 106 * 

13.301 

6*209 

1000 

10*130 

22.734 

15.916 

6*818 

1046 

10*130 

23.210 

16.239 

7*303 

1046 

9*150 

24.278 16.239 6.423 

1100 

9*130 

24.722 

16*630 

8.901 

1200 

9*130 

23.316 

17.338 

9.816 

1300 

9*130 

26.230 

17.996 

10. 731 

UOO 

9*130 

26.926 

18.610 

11.646 

1406 

9*130 

26*967 

18.643 

11.701 

1406 

9.130 

30.310 16.643 16.401 

1300 

9*130 

30*902 

19.393 

17.261 

U6o 

9*130 

31 .493 

20.133 

16.176 

1760 

9*130 

32.046 

20.816 

19*091 

1660 

9*130 

32*371 

21.436 

20.006 

l 90 O 

9*130 

33*063 

22.034 

20.921 

20oo 

9*130 

33.333 

22*617 

21.836 

2100 

9*130 

33*981 

23.147 

22.731 

2200 

9*130 

34.407 

23*630 

23.666 

2 300 

9*130 

34.813 

24.126 

24.381 

2400 

9*130 

33*203 

24.380 

23.496 

2300 

9*130 

33.376 

23.012 

26.411 

260o 

9*130 

33.935 

25.423 

27.326 

2700 

9«130 

36.281 

23*821 

26.241 

2600 

9.130 

36*613 

26.201 

29.136 

2900 

9*150 

36*934 

26.363 

30.071 

3000 

9.130 

37.243 

26.916 

30.986 

3100 

9*130 

37.343 

27.234 

31.901 

3200 

9*130 

37.833 

27.380 

32.816 

3300 

9*130 

38.117 

27.893 

33.731 

3400 

9*130 

38*390 

28*200 

34*646 

3300 

9.130 

38.633 

28.493 

33.361 

3600 

9.130 

38.913 

28.781 

36.476 

3700 

9*130 

39.164 

29.038 

37.391 

3600 

9.130 

39.408 

29.327 

38.306 

3900 

9*130 

39.643 

29.369 

39.221 

4000 

9*130 

39.677 

29.843 

40.136 

4100 

9*130 

40.103 

30.090 

41 .031 

4123*63 

9.130 

40.136 

30*148 

4 l .267 

4123.63 

10.286 66.079 

30.147 

148*166 

4200 

10.327 

66.268 

30.803 

146.933 

4300 

10.377 

66.312 

31.630 

149.990 

4400 

10.423 

66.751 

32*426 

131 . C 31 

4300 

10.472 

66.983 

33.191 

132*073 

4600 

10.313 

67.216 

33.928 

’ 33.125 

4700 

10*337 

67*443 

34.639 

. *.178 

4600 

10*393 

67.663 

33.323 

133.236 

4900 

10*630 

67.664 

33*966 

136.297 

3000 

10*662 

68.099 

36*62 7 

137.362 

3100 

10*690 

68.311 

37.246 

138.430 

3200 

10.713 

68*319 

37.846 

139.300 

3300 

10*733 

68.723 

38*426 

160.372 

3400 

10*731 

66.924 

38.989 

161*647 

3300 

10*763 

69.121 

39.333 

162.722 

3600 

10*770 

69.313 

40.063 

163.799 

3700 

10*773 

69.306 

40.380 

164.876 

3800 

10*771 

69.693 

41.081 

163.934 

3900 

10*763 

69.877 

41.367 

167.030 

6000 

10*733 

70*038 

42.040 

168.106 


^Ft 




I ff 136} 


K, 


•-Of Kp 


jkiaa 
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URANIUM (U) (REFERENCE STATE) 


O^’K to 

1406<>K to 4124^K 
4124"K to 6000^K 


AhJo - 0 

^**J29*_ ij 117. 064 kcal gfw’ > 
T* ■ 940®K 
T, • 1048^K 
T„ » 1406*^K 
* 4I24*’k 

s •moothod dota 
P 

Cp > 10. 150 cal deg K'^gfw'^ 

C® - 9. 150 cal degK-*gfw-l 
Structure 


gfw > 238. 07 

Crystal 
Liquid 
Ideal Monatomic Gae 

^ ”£298. 15 *® 

®298 15 * * **®8 ^ 

AH| » 0. 685 kcal gfw'^ 

Z!i > 1.120 kcal gfw* ^ 

= 4.700 kcal gfw~‘ 

^Hv > 106. 901 kcal gfw'^ 

298. 1 5®K jC 940®K 

940®K T ^ I 048®K 
1048®K ^ T < 4124^K 


Elemental uranium euata In three modificationa (ft. fi. and y ) 
below melting point. 


Heat of Formation 

Zero by definition. 

Heat Capacity and Entropy 

Low- temperature heat capacity by Flotow and Lohr. ^ Htgh-temperaturc 
heat capacity from Glnninga and Corruccini. ^ 


Melting and Vaporlgation 

Heat of fusion based on work of Rauh and Thorn ^ Vapon-presaure dau 
of Ackermann et al^ and Rauh and Thorn^ adopted. 


1. Flotow, H. E. and H. R. Lohr, J. Phys. Chem. 64, 904 (I960). 

2. Cinnings. D. C. and R. J Corruccini. J. Rea. NBS 22* ’09(1947) 
I, Rauh, E. G. and R. J. Thorn, J. Chem. Phys. _2^ 1414 (1954) 

4. Ackermann. R. J. , E G. Rauh, and R J. Thorn, J Chem. Phys 
37. 2693 (1962) 


URANIUM (U) 


(REFCRCNCE STATfc ) • 238.07 

SUWHARr 8f uncertainty fcSTlNAT£j>_ 





















T. ^ 

^ c- 

p 


-(F^ 



Any 

^rt 

kp 

298sl5 

a 

0.090 

ft 0.050 

ft 

0.050 


0.000 




150 

a 

0.090 

* 0.055 

± 

0.050 


0.002 




950 

4 

0.060 

ft 0.055 

4 

0.050 


0.002 




600 

± 

0.060 

ft 0.076 

ft 

0.057 


0.012 




600 


0.100 

ft 0.076 

ft 

0.057 


0.012 




900 


0.100 

ft 0.117 

ft 

0.071 


0.042 




900 


0.500 

ft 0.117 

ft 

0.071 


0.062 




999 


0.500 

ft 0.138 

ft 

0.073 


0.061 




999 


0.600 

ft 0.198 

ft 

0.073 


0.06k 




960 


0.600 

ft 0.139 

ft 

0.073 


0.062 




960 


0.200 

ft 0.192 

ft 

0.073 


0.112 




1000 


0.200 

ft 0.206 

ft 

0.081 


0.126 




1068 


C.200 

ft 0.216 

ft 

0.087 


0.139 




1068 


0.200 

ft 0.261 

ft 

0.087 


0.183 




1606 


0.200 

ft 0.920 

ft 

0.199 


0.255 




1606 


0.600 

ft 0.662 

ft 

0*139 


0.655 




2000 


0.600 

ft 0.603 

ft 

0.257 


0.692 




2000 


1.000 

ft 0*603 

ft 

0.257 


0.692 




3000 


1.000 

ft 1.009 

ft 

0.645 


1.692 




9000 


1.500 

ft 1.009 

ft 

0.645 


1.692 




6000 


1.500 

ft 1.660 

ft 

0.642 


3.192 




6129.69 


1.500 

ft 1.686 

ft 

0.667 


3*977 




6129*69 


2.000 

ft 1.536 

ft 

0.667 


3.577 




5000 


2.000 

ft 1.920 

ft 

0.854 


5.930 




6000 


2.000 

ft 2.286 

ft 

1.062 

ft 

7.990 
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table 242 


URANIUM 


IDEAL MONATOMIC CAS 


Raferanctt Sut« for Calculating 


Liquid U from M06*'to 4?24*K^/’' ^ I406*K. 

to 41^4 K, Ga.ooua U from 41^4* to 6000*K. 


T. TC 

6 

296< 

300 

400 

500 

600 

700 

800 

900 

940 

940*' 

lOoo 


1048 

1048“' 

IlOo 

1200 

1300 

l 460 

U06 

Ud6“ 

1500 


r: 


— C«l/Tc gtw 




15 


0*000 

5*663 

5.666 

5*724 

5*665 

5.593 

5.559 

5*580 

5.660 

5* 707 

5* 70 7“’ 

5.792 


0*000 

47.726 

47*761 

49.404 

50*676 

51*702 

52 . 561 

53.304 

53.965 

54.212 

54. 212" 

54*568 


I^iFlNlTE 

47.726 

47. 726 
47.950 
48.373 

46.845 
49.316 
49.769 
50.199 
. _ 50. 365 
“50. 365“ 
50.606 


^98 

-1 .553 
0.000 
0.010 
0*582 
1.152 

1.714 
2.271 
2sB2B 
3*389 
3.61 7 
“3.61 7*‘ 
3.962 


- Kcal/ji^w 

Any 


117. 0j2 

1 1 7.064 
117.062 
116.949 
116. 788 

116.563 

116.263 

115.874 

115.384 

,115.157 

“114.472"' 

114.208 


1600 
1700 
1800 
1900 
2000 

2100 
2200 
2100 
2400 
2500 

2600 

276o 

2860 

2900 

3000 

3100 
3200 
3 300 
3400 
3500 

3600 

3700 

3800 

3900 

4000 

4100 

4123*63 

4123.63’' 

4200 

4300 

4400 

4500 

4600 

4700 

4800 

4900 

5000 


5100 
5200 
5 300 
5400 
5500 

5600 

5700 

5800 

5900 

6000 


,5*873 


50. 794 

5*073 

54.841 ■■ 

’*50. 794*“ 

5*970 

55*128 

50.992 

6*182 

55*656 

51.359 

6*420 

56.160 

51.709 

6*674 

56 .645 

52.044 

6*689_ 

56.674 

52.064 

6*689 

56.674"* 

■ 52.064" 

6*936 

57.115 

52.367 

7*200 

57,571 

52.678 

■^-460 

58.015 

52.979 

7.712 

58.449 

53.271 

7*951 

58.872 

53.555 

6*176 

59.286 

53,831 

8*385 

59.690 

54,100 

0.577 

60.084 

54. 36 3 

8*753 

60.470 

54.620 

8.912 

60.846 

54.872 

9*056 

61 .212 

55.118 

9.185 

61.570 

55.360 

9.302 

61.919 

55.596 

9.407 

62.259 

55.828 

9*502 

62.591 

56.05 b 

9.589 

62.915 

56.279 


,4*242 114*001 

4*242 "112*881* 


9.669 

9.742 

9.811 

9.877 

9.939 

9.999 

10.057 

10*114 

10.169 

10.223 


10.276 
10.288 
’ 10 . 288 “ 
10.327 
10.377 
1 0.425 
10.472 


10*515 

10*557 

10*595 

10*630 

10*662 

10*690 

10*715 

10.735 

10*751 

lt )*763 

10*770 

10.773 

10*771 

10*765 

10*755 


63.230 

63.538 

63.839 

64.133 

64.420 

64.701 

64.976 

65.245 

65.506 

65.767 

66.020 
66.079 
*“ 66.079’ 
66.268 
66*512 
66. 75i 
66.985 

67.216 

67*443 

67*665 

67*864 

68.099 

68*311 
66.519 
68*723 
68*924 
69. .21 

69*315 

69*506 

69*693 

69*877 

70*058 


56.498 
56.71 3 
56.925 
57.132 
57.336 

57.537 
57.735 
5 7,929 
58,120 
58.306 

58.493 

56.536 

’50,536’“ 

58.675 

58.854 

59,031 

59.205 


59,377 
59*546 
59.71 3 
59.877 
60.040 

60.200 

60.358 

60*514 

60*668 

60.819 

60*969 
61*118 
61 *264 
61*408 
61*551 


4.549 

5.157 

5.787 

6.441 

6.481 

’’6.481" 

7.122 

7.829 
8.562 
9.320 
10. 104 
10.910 

11.738 
12.587 
13*453 
14. :»37 
15.235 

16.147 

17*072 

18.007 

18.953 

19.907 

20 .e 70 
21.841 
22.819 
23.803 

24.794 

25.791 

26. 794 
27.802 
28.816 
29.836 

30.861 
31 .104 
"31.104 
31 .891 
32.926 
33.967 
35.011 


36 . c • 

37.114 

38*172 

39.233 

40*298 

41*366 

42*436 

43*508 

44*583 

45*658 

46*735 
47*812 
48*890 
49*966 
51 *042 


112. 712 
112*405 
112. 120 
1 11 ♦ e 5'» 

ill .844. 

’ 107.144* 
106.925 

106. 717 
106. :>35 
106.378 
106.247 
106.138 

106.051 

105.985 

105.936 

105.905 

105.888 

105.885 
105.895 
105.915 
105. 946 
105.985 

106.033 

106.089 

106.152 

106.221 

106.297 

106.379 
106.467 
106. 560 
106.659 
106. 764 

106.874 

106.901 


117*0 j 2 

106*411 

106*345 

102*788 

99*266 

95.781 
92.340 
86.948 
85.611 
. 84.292 

84.292’ 
82*374 

80*850 

”’80.850’’ 

79.266 

76.239 

73.237 

70.256 

70.077 

70.077" 

67.606 

64.992 

62.390 

59.797 

57.213 

54.636 

52 . 062 
49,495 
46.927 
44. 363 
41.796 

39.234 

36.671 

34.108 

31.541 

28.976 

76.408 
^'3.8 38 
21.266 
18.694 
16.119 

1 3.542 
10.961 
8.378 
5.795 
3,206 

0.613 

0.003 


*o 


-77.997 

-77,468 

-56.158 

-43*387 

-34*887 
-28*828 
-24*298 
-20*788 
-19.597 
" -19.597 
-18*002 

-16*860 

-16.860 

-15*748 

-13.884 

-12.312 

-10.967 

-10.892 

-10*892 

*9*850 


-8.877 

- 8*020 

-7.260 

-6*581 

-5.970 

-5.418 

-4.917 

-4.459 

-4*040 

-3*654 

-3*298 
-2*968 
—2 *662 
-2 .377 
-2.111 

-1 *862 
-1.628 
-1 *408 
- 1.202 
-I .006 

-0.822 

-0.647 

-0.482 

-0.325 

-0.175 

-0.033 

- 0.000 


15 June 1963 


MBP 
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URANIUM (U) 


(IDEAL MONATOMIC GAS) 


gfw = 238. 07 


= 1 17. 032 kcal gfW ^ AHf 298 . 15 = 117. 064 kcal gfW ^ 

” 298 . 15~”o " '-553 kcal gfW* S®^g = 47.726 cal deg K’^gfw’l 

Electronic Levels and Multiplicities 
Spectroscopic energy levels from Blaise. ^ 

Heat of Formation 

2 

Vapor-pressure data from Rauh and Thorn adopted to calculate 
^”f298. 15- 

Heat Capacity and Entropy 

Calculated on monatomic -gas computer program. 

References 

1. Blaise, J. , unpublished work, provided by C. M Moore (Sitterly), 
NBS (1963). 

2. Rauh, E. G. and R. J. Thorn, J. Chem. Phys. 1414(1954) 


URANIUM# MSNAT0M1C fU) 


( 10£AL GAS) 


GFW • 2J6.07 


SUMMARY SF UNC£RTAINTY £STINAT£S 








-c.l/TC gt 

w 

. 



. 

— ^ 


I. It 

! 




<FV- 




A^V 

Log kp 

mas 

4 

«000 

4 

• 002 

4 

• 002 

4 

• 000 



040 

± 

• 000 

4 

• 002 

4 

• 002 

4 

• 000 



1000 

± 

• 000 

4 

• 002 

4 

• 002 

4 

• 000 



104S 


• 000 

4 

• 002 

4 

• 002 

4 

• ooo 



1406 

± 

• 001 

4 

• 002 

4 

• 002 

4 

• 000 



2000 


• 001 

4 

• 003 

4 

• 003 

4 

• 001 



3000 

± 

• 002 

4 

• 003 

4 

• 003 

4 

.002 



4000 

± 

.002 

4 

• 003 

4 

• 00 3 

4 

• 003 



5000 

± 

• 002 

4 

• 003 

4 

• 003 

4 

• 004 



6000 

± 

• 002 

4 

• 004 

4 

• 003 

4 

• oos 
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TABLE^3 


VANADIUM 


reference state 


Reference State for CalcuUtino a u« a c 

Liquid V from 2190 * to* *^P' ^ 

to 3648 K, Ga.eoue V from 3648 * to 6000 * 1 - 


T,*IC 


cl/® 

4 

K aim 

-<fT - 

^ o o 

0 

298*15 

300 

400 

500 

0*000 

5*894 

5*696 

6.057 

6*270 

0.000 

6*860 

6*916 

8*633 

10.007 

infinite 

6.880 

6.880 

7.113 

7.559 

-1 *122 
0*000 
0*011 
0*608 

1 *224 

600 

700 

800 

900 

1000 

6*504 

6*747 

6.995 

7.247 

7*500 

11*170 
12*191 
13*108 
13*946 
14* 723 

8.066 

6.584 

9.093 

9.586 

10.062 

1*863 

2*525 

3*212 

3*924 

4*661 

o o o o o 
o o o o o 

7.755 

6*010 

8*266 

8*522 

6*779 

15.450 

16.135 

16.787 

17.409 

16*005 

10.519 

10.958 

1 1 * 382 

1 1*790 
12.185 

5*424 

6*212 

7.026 

7*666 

8*731 

1600 

1700 

1600 

1900 

2000 

9*036 

9*293 

9.550 

9*808 

''65 

18.580 
19.136 
19.674 
20.197 
20. 707 

12.567 

12.937 

13.296 

1 3.646 

1 3.986 

9*621 

10*538 

1 1*480 
12*448 
13*441 

2100 

2190 

10.323 

10.554 

21 .204 
21.642 

14.318 
14.610 

14*461 

1 5 * 400 

2190 

2200 

2300 

2400 

2500 

9.500" 

9.500 

9.500 

9.500 

9.500 

53.560 ‘ 

23.603 

24.026 

24.430 

24.618 

14.610 

14.651 

15.049 

15.432 

15.800 

“19*600 

19*695 

20*645 

21*595 

22*5^5 

2600 

2700 

2800 

2900 

3000 

9.500 

9.500 

9*500 

9.500 

9.500 

25.190 

25.549 
25.894 
26.228 

26.550 

16*154 

16.495 

16*825 

1 7.143 

1 7.451 

23*495 

24*445 

25*395 

26*345 

27.295 

3100 

3200 

3300 

3400 

3500 

9.500 

9*500 

9*500 

9*500 

9.500 

26.861 

27.163 

27.455 

27,739 

28.014 

17.750 

18.039 

1 8* 320 
18.593 
18.856 

28*245 

29. 1*. 5 
30*145 

31 *095 
32.045 


3600 

9.500 

28.282 

19.117 

32*995 

364 7*68 

9.500 28.407 

19.237 

^ 33*446 

3647.68* " 

6.890 58.528 

19.237 

143* 322 

3700 

6.950 

58.627 

19.794 

143*683 

3800 

7.068 

58.814 

20.818 

1 44 * 384 

3900 

7.188 

58.999 

21 .795 

145*097 

4000 

7.311 

59.183 

22.728 

145.822 

4100 

7.435 

59.365 

23.619 

146*559 

4200 

7.560 

59.546 

24.472 

147*309 

4300 

7.685 

59.725 

25*290 

148*071 

4400 

7.810 

59.903 

26.074 

148*846 

4500 

7.935 

60.060 

26.828 

149*633 

4600 

8*058 

60.256 

27.553 

1 50*433 

4700 

8*180 

60.430 

28.251 

151* 

4800 

8*300 

60 . 604 

28*923 

152*069 

4900 

8*419 

60.776 

29*571 

152*905 

5000 

8*534 

60.947 

30*197 

153*753 

5100 

8.648 

61.118 

30.801 

154*612 

5200 

8.758 

61.267 

31 *386 

155*482 

5300 

8*866 

61 *454 

31*952 

156*363 

5400 

8*970 

61.621 

32.499 

157*255 

5500 

9*071 

61 *767 

33*031 

158*157 

5600 

9*169 

61*951 

33.546 

159*069 

5700 

9.264 

62.114 

34*045 

159.991 

5800 

9*354 

62*276 

34.530 

160*922 

5900 

9.442 

62*437 

35.003 

161*862 

6000 

9.526 

62.596 

35.461 

162*810 


15 March 1963 


Kcal/ffw. 

''Mf AF^ 


to 2190*K, 


LofKp 


HLS 
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VANADIUM (V ) 


iRETERCNCE STATE) 


flW ■ SO. 95 


0®K to 2I90®K 
2190^K to 364B^K' 
J64$**K to BOOO^K 

Ah?o ■ 0 

^"•298. I» ' 121. 010 Kcal (!«'' 

Tm • 

- J647. 68®K 
^290 IS’^O ” * 


CrytMl 

Liquid 

UomI Monalomlc Gob 

^”/ 298 . 15 ■ ® 

®298 15 " d«gK"* gfw“* 

- 4. 2 Kcal gfw’* 

Ah^ * 109. 874 Kcal gfw’^ 


Cp » 4. 90 t 2. 58 K 10"^T ♦ 0. 20 X I0*T‘^ cul dug-* gfw’^ 298. 15®K^Tx 2I90®K 

- 9. 5^ I cal d«g-*gfw’* for liquid (2190°K£ T ^364a'*K ) (Eatd ) 


Otructuro 


Solid hua b. c. c. A2 typa atructuro to malting point. 


Ha»t of Formation 


Zaro by dafiaition. 


Haat Capacity and Entropy 

Low temparatura data by Andaraon. * Stull and Slnka. ^ and Dlaganakl and Stallnakl 
High tamparatura data from Kallay. ^ Liquid haat capacity aatlmatad by Kallay ^ 


Malting 

Eatimatad by Stull and Slnka. ^ 


Haat of Sublimation 


5 

Racalculation of vapor praaaura data of Edwarda at al 


Rafarancaa 

1. Andaraon. C T. , J. Am. Cham Soc. ^2^ 2296 0930). 

2. Stull, D R. and G Slnka, Tharmodynamic Propartlaa of tha Elamanta (1956). 

3. Blaganaki, Z and B. Stallnakl, Buil.da l*acad Pol. daa act .Sarie daa aclanca 
Chlm. 9^ 367 (1961) 

4 KeUay. K. K. , Bur. Mlnaa, Bull 584 (1960) 

5. Edwarda. J. . H John aton and P. Blackburn. J Am. Cham Soc 73. 4727 (1951) 


VANADIUM IV) (REFERENCE STATE) GFW - 50.95 

SUMMARY SF UNCERTAINTY ESTIMATES 










r . 





A 


t.*k 

*=9 

% 

-<'t - "J9«>/T 

**T ” **29i 

AMf 

AF,' 

Log Kp 

290.15 

A0.050 

40.050 

40.050 

40.000 




1000 

40.200 

*0.2U 

*0.104 

40.110 




2000 

*1.000 

40.583 

*0.228 

*0.710 




2106 

41.000 

40.674 

40*263 

*0.900 




2190 

*2.000 

41.131 

*0.263 

*1.900 




5000 

4 2.000 

41.760 

*0.587 

43.520 




)8A7.60 

4 2.000 

42.125 

*0.814 

44.720 




SUT.Oft 

40.001 

*0.003 






^00 

40.001 

40.003 






5000 

*0.002 

*0.003 






sooo 

*0.003 

*0.004 







2 - 3.34 




TABLE 244 


VANADIUM 


IDEAL MONATOMIC GAS 


v'r T'* »»"•* '«"> »• •« 

Liquid V from 2190* to J*4«*K. C.eoa. V from J648* to 6000*K. 


/"T N / tci/gf. 

S *T ”T“”29« L*I 


0 

0.000 

0.000 

iMriNire 

290.15 

6.217 

43.546 

43.546 

)00 

6.209 

43.504 

43.546 

400 

5.091 

45.321 

43.765 

500 

5.703 

46.621 

44.227 

600 

5.004 

47.676 

44.717 

700 

5.675 

40.576 

45.205 

800 

5.949 

49.365 

45.677 

900 

6.003 

50.069 

46.127 

000 

6.032 

50.704 

46.553 

1100 

6.030 

51 .279 

46.957 

1200 

6.026 

51.604 

47.339 

1300 

6.003 

52.265 

47.7O2 

1400 

5.974 

52.729 

48.045 

1500 

5.943 

53.140 

46.371 

1600 

5.913 

53.523 

48.681 

1700 

5.067 

53.881 

48.977 

1000 

5.067 

54.216 

49.259 

1900 

5.653 

54.533 

49.528 

2000 

5.846 

54.833 

49.786 

2100 

5.848 

55.119 

50.033 

2190 

5.657--- 

-55.364 - 

---50.247- 

2190 

5.05 7 

55.364 

50.247 

2200 

5.856 

55.391 

50.270 

2300 

5.077 

55.652 

50.499 

2400 

5.904 

55.902 

50.719 

2500 

5.940 

56.144 

50.931 

2600 

5.965 

56.378 

51.136 

2 700 

6.038 

56.605 

51.334 

2000 

6.099 

56.825 

51.526 

2900 

6.166 

57.040 

51.713 

3000 

6.245 

57.251 

51.694 

3100 

6.320 

57.457 

52.070 

3200 

6.418 

57.659 

52.242 

3300 

6.515 

57.850 

52.409 

3400 

6.617 

58.054 

52.572 

3500 

6.723 

58.240 

52.731 

3600 

6.835 

56.439 

52.807 

3647.68> 

6.089--- 

- 58.529 - 

-- 52.960- 

3647.60 

6.089 

58.529 

52.960 

3700 

6.950 

58.627 

53.040 

3000 

7.068 

58.814 

53.109 

3900 

7.180 

58.999 

53.336 

4000 

7.311 

59.183 

53.400 

4100 

7.435 

59.365 

53.621 

4200 

7.560 

59.546 

53.760 

4300 

7.605 

59.725 

53.897 

4400 

7.010 

59.903 

54.031 

4500 

7.935 

60.080 

54.164 

4600 

0.058 

60.256 

54,294 

4 700 

8.100 

60.430 

54.423 

4800 

0.300 

60.604 

54.550 

4900 

8.419 

60.776 

54.675 

5000 

8.534 

60.947 

54.799 

5100 

6.646 

61.118 

54.921 

5200 

8.756 

61.267 

55.042 

5300 

0.666 

61 .454 

55.161 

5400 

6.970 

61 .621 

55.279 

5500 

9.071 

61.707 

55.396 

5600 

9.169 

61.951 

55.51? 

5700 

9.264 

62.114 

55.626 

5600 

9.354 

62.276 

55.739 

5900 

9.442 

6.’ .437 

55,852 

6000 

9.526 

62.596 

55.963 


-1.890 

122.242 

122.242 

iNFiNttC 

O.OOO 

123.010 

112.078 

-82.152 

0*011 

123.010 

112.010 

-81 .595 

0*615 

123.017 

lOe.341 

-59.192 

1.197 

122.983 

104.676 

-45.752 

1.775 

122.922 

101.019 

-36.795 

2.359 

122.844 

97.375 

-30.400 

2.951 

122.749 

93.743 

-25.608 

3.548 

122.634 

90.123 

-21 .884 

4.150 

122.499 

06.519 

-16.908 

4.754 

122.340 

62.920 

-16.476 

5.357 

122.155 

79.352 

-14.451 

5.959 

121.943 

75.795 

-12.742 

6.550 

121. 7O2 

72*253 

-11.279 

7.154 

121.433 

68.731 

-10.014 

7.746 

121.135 

65.227 

-6.909 

6.336 

120.008 

61.747 

-7.937 

0.924 

1 ?0.454> 

58.277 

-7.075 

9.510 

120.072 

54.834 

-6.307 

10.095 

119.664 

51.410 

-5.618 

10*680 

119.229 

40*008 

-4.996 

--II.2O6-- 

-118.816-- 

- 44.965^ 

-- -4.487 

11*206 

1 14.616 

44.965 

-4.487 

11.265 

114.580 

44.647 

•4.435 

11.851 

114.216 

41.476 

-3.941 

12.440 

113.855 

38.322 

-3.490 

13.033 

113.498 

35.183 

-3.076 

13.629 

113.144 

32.057 

-2.694 

14.230 

112.795 

28.944 

-2.343 

14.J37 

1 12.452 

25.846 

-2.017 

15.450 

112.115 

22.757 

-1.715 

16.070 

111.705 

19*681 

-1.434 

16.699 

111.464 

16.617 

-1.171 

1 7*336 

111.151 

13.561 

-0.926 

17.903 

110.848 

10.517 

-0.696 

16.639 

110.554 

7.401 

-0.461 

19. 306 

110.271 

4.453 

-0.278 

19.964 

109.999 

1.437 

-0.087 

--20.311 

109.873 

-0.002 

0.000 


20.311 

20*673 

21.374 

22.007 

22.012 

23.549 

24.299 

25.061 

25.036 

26.623 

27.423 

20.235 

29.059 
29.095 
30 '»4 3 

31.602 

32.472 

33.353 

34.245 

35.147 

36.059 
36.981 
37.912 
30.852 
39.800 



VANADIUM, MONATOMIC (V ) 


(IDEAL GAS) 


gfw = 50. 95 


Ah°q = 122. 242 Kc»l gfw'* ^‘^*1298.15 " “‘0 ± 4. 0 Kcal gfw'* 

Ground State Configuration Fj ^ ®298 15 ’ tlegK'* gfw"* 

”298. 15-”o " *■ 

Electronic Lfvela and Mult i pliritiga 
All energy levels listed by Moore ^ were used. 


Heat of Formation 


The vapor pressure data of Edwards. Johnston and Blackburn were used 


Heat Capacity and Entropy 


Calculated using the monatomic gas program. 


References 
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VAMAOfUM* MaNATaMlC tV) llOEAL GAS) 


GFW • 50.95 


summary er umccrtainty estimatcs 











rz 

0 

f, 






T.*K 

s 


-(Ft- 


”t - 

'4M, 

At,' 

Lo* Kp 

298*15 

A 0.000 

A 0.002 

A 

0.003 

A 0.000 

A 4.000 



1000 

A 0.000 

A 0.002 

A 

0.003 

A 0.000 




2000 

A 0.000 

A 0.0C3 

A 

0.003 

A 0.001 




3000 

A 0.001 

± 0.003 

A 

0.003 

A 0.001 




3647.68 

0.001 

A 0.003 

A 

0.003 

A 0.002 




4000 

A 0.001 

A 0.003 

± 

0.003 

A 0.002 




5000 

A 0.002 

A 0.003 

A 

0.003 

A 0.003 




6000 

A 0.003 

A 0.004 

A 

0.003 

A 0.005 
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TUNGSTEN 


reference state 

W fro^^3650** to 589 i-K^'ca*"** ^ 3650-K 

Ga.eou. W from 5891' to 6000" K. 


— cd/^K gto. 

4 -( F - 


0 

298.15 

300 

400 

500 

0.000 

5.800 

5.810 

5.960 

6.040 

0.000 

7.830 

7 . 666 
9.580 
10.901 

infinite 

7.830 

7.830 

8.082 

8.501 

600 

700 

800 

900 

1000 

6.110 

6.180 

6.240 

6,300 

6.360 

12.027 

12.955 

13.803 

14.523 

15.209 

9.015 

9.496 

9.999 

10.444 

10.906 

1100 

1200 

1 300 

1400 

1500 

6.430 

6.520 

6.650 

6.800 

6.950 

15.799 

16.382 

16.888 

17.386 

17.860 

1 1 . 301 . 

1 1 .724 
12.082 
12.442 
12.788 


/'—■ - ICe«l/gfw 

ah ? 

- 1.195 
0.000 
0.01 1 
0.599 
1.200 


20.342 
20. 710 
21 .069 
21.419 
21 . 761 

22.095 

22.423 

22.744 

23.059 

23.366 

23.672 

23.971 

24.266 

24.556 

24.842 


13.119 

13.437 

13.744 

14.040 

14.326 

14.605 
14,873 
15.135 
15. 389 

15.638 

15.879 

15.116 

16.347 

16.573 

16.794 

17.011 

17.224 

17.433 

17.638 
17.840 


8.31 1 
9.028 
V .761 
10.508 
11.271 

12.048 

12.841 

13.648 
14.471 
15.308 

16.161 
17.028 
17.91 1 
18.808 
19.721 

20 . 648 
21.591 
22.548 
23.521 
24.^508 


3600 

10.100 

25.125 

18.039 

25.511 

3650 

10.175 

25.265 

18.137 

26 . 01 7 

3650 

10.000 

27,565 

“ 1 8 . 1 3 7 * 

34.412 

3 700 

10.000 

27.701 

18.265 

3^. >12 

3800 

10.000 

27.968 

1 8.51 7 

35.912 

3900 

10.000 

28.227 

18.762 

36.912 

4000 

10.000 

28.481 

19.003 

37.912 

4100 

10.000 

28.727 

19.236 

38.912 

4200 

10.000 

28.968 

19.465 

39.912 

4300 

10.000 

29.204 

1 9,690 

40.912 

4400 

10.000 

29.434 

19.909 

41.912 

4500 

10.000 

29.658 

20.122 

42.912 

4600 

10.000 

29.878 

20. 332 

43.912 

4 700 

10.000 

30.093 

20.537 

44.912 

4800 

10.000 

30.304 

20.739 

45.912 

4900 

10.000 

30.510 

20,936 

46.912 

5000 

10.000 

30, 712 

21.130 

47.912 

5100 

10.000 

30.910 

21.319 

48.912 

5200 

10.000 

31.104 

21.506 

49.912 

5300 

10.000 

31.295 

21.689 

50 912 

54 C 0 

10.000 

31.482 

21 .869 

51 . 12 

5500 

10.000 

31.665 

22.045 

52.912 

5600 

10.000 

31.845 

22.216 

53.912 

5 700 

10.000 

32.022 

22.388 

54.912 

5800 

10.000 

32.196 

22.556 

55.912 

5891 

10.000 

32.352 

22.706 

56.822 

5891 

9 , 68 ?“ 

64 . 988 “" 

22 . 70 ^^“^ 49.08 7 

5900 

9.688 

65.003 

22.770 

249.174 

&000 

R .753 

65 . 1 66 

23.475 

250.146 
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TUNGSTEN (W) 


(REFERENCE STATE) 


gfw = 183. 86 


AH**^298. 15 “ 203. 100 Kcal gfw*^ 

T_ = 3650 
m 

^ 5891 

H® 298 . 15 - - 1. 195 Kcal g£w‘* 

C® = 4 . 70 f 1. 5 X 10-^T cal d«gK“l gfw' 

C® = 10 cal degK'^ gfw'^ 


0 ‘^K to 3650 OR Cryatal 
3650 OK to 5891 Liquid 

5891 to 6000 Ideal Monatomic Gas 

'^M°f298. 15 ‘ ® 


S° 29 g^ 15 “ 7.8 30 cal dogK“^ gfw”^ 


AHm = 8- 395 Kcal gfw** 

AH^ =: 192. 265 Kcal gfw"^ 

^ 130®K£ T f.3650®K 

3650‘^K<. T <.5891®K 


Structure 

Tungsten exieta with the b. c. c. structure. 

Heat of Formation 

Zero by definition. 

Heat Capacity and Entropy 

Liow temperature data by Clusius and Franzosinil These data were joined 
smoothly to the equation given above based on Schomaker et al^. Data for 
liquid tungsten were estimated. 


Several values had been reported. The value adopted is consistent with 
several other computations. 

Vaporization 

Based on two experimental determinations. See Barriault et al^ for 
details. 

References 

1. Clusius,K.,and P. Fransosini^ Z. Naturforsch. A 1 4 99 (1959) 

2. Schomaker# V. ,et Contract DA-30-069-ORD-2787, Prog. Repl. (31 Dec. 1960), 

3. Barriault, R.#et al,ASD TR-61-260 May (1962), Pt. 1. 


TUNGSTEN IW) 


(REFERENCE STATE) 
SUMMARY «F UNCERTAINTY ESTIMATES 


GFW » 183«b6 




's 


e.l/"K 

O 

*lw- 



^ c o 

29 a «15 

A 

0.100 

A 

0.050 

A 

0.050 


0.000 

1000 

A 

0.500 

A 

0.410 

A 

0.200 


0.210 

2000 

A 

0.500 

A 

0.760 

A 

0.410 


0.710 

3000 

A 

1.000 

A 

1.060 

A 

0.570 


1.460 

3650 

A 

1.500 

A 

1.300 

A 

0.600 


2.270 

3650 

A 

2.000 

A 

1.500 

A 

0.600 


3.270 

4000 

A 

2.000 

A 

1.760 

A 

0.770 


3.970 

5000 

A 

3.000 

A 

2.320 

A 

1.030 


6.470 

5691 

A 

4.000 

A 

2.090 

A 

1.260 


9.590 

5691 

A 

0.007 

A 

0.005 





6000 

A 

0.007 

A 

0.005 
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TABLE 246 


TUNGSTEN IDEAL MONATOMIC GAS 

R«(erenc« State for Calculating AHf . AF|. and Log K : Solid W from 0* to 36S0'K. 
Liquid W from 3650* to 589 l‘K, Gaaeoua W from 5891* to 6000* K. 


W 










^ o 

o 

' o o ^ 

ft ft 


-A 


T.^K 

s 


-(Ft - HjwVT 

HT-H298 

AH, 

AF,^ 

Log tip 

0 

0.000 

0.000 

infinite 

-1 .486 

202.809 

202.809 

infinite 

298.15 

5.092 

41.551 

41.551 

O.ooo 

203.100 

193.046 

-141.500 

300 

5.097 

41 .583 

41.551 

0.O09 

203.098 

192.903 

-140.582 

1.00 

5.536 

43.101 

41.755 

0.538 

203.039 

109.63 1 

-103.604 

500 

6.297 

44.413 

42.158 

1 .128 

203.020 

186.272 

-81 .415 

500 

7.251 

45.643 

42.637 

1 .804 

203.097 

182.927 

-66.628 

700 

7.218 

46.835 

43,152 

2.578 

203.257 

179.541 

-56.053 

eoo 

9.026 

47.987 

43.685 

3.442 

203.499 

176.151 

-48.120 

900 

9.577 

49.085 

44.224 

4.375 

203.804 

172.697 

-41 .935 

1000 

9.586 

50.111 

44.762 

5. 348 

204.145 

169.244 

-36.986 

1100 

9.904 

51 .054 

45.292 

6.330 

204.495 

165.714 

-32.923 

1200 

9.788 

51.912 

45.809 

7.324 

204.835 

162.197 

-29.539 

1 300 

9.569 

52.687 

46, 308 

8.292 

205.144 

158.607 

-26.663 

1400 

9.298 

53.387 

46.789 

9.236 

205,415 

155.015 

-24.198 

1 500 

9.008 

54.018 

47.251 

10.151 

205.643 

151.407 

-22 .059 

1600 

B.721 

54.590 

47.692 

11.038 

205.827 

147.784 

-20.185 

1 700 

8.451 

55.111 

40.113 

11.896 

205.968 

144,153 

-18.531 

1 800 

8.206 

55.587 

48.515 

12.729 

206.060 

140.513 

-17.060 

1900 

7.987 

56.025 

48.899 

13.538 

206.1 30 

136.070 

-15.743 

2000 

7.797 

56.429 

49,266 

14.327 

206.150 

1 33.220 

-14.557 

2100 

7.635 

^6.606 

49.616 

15.098 

206.150 

129.576 

-13.485 

2 200 

7,500 

57.158 

49,951 

15.855 

206.114 

125.930 

-12.509 

2300 

7.391 

57.489 

50.271 

16.599 

206.051 

122.286 

-11.619 

2400 

< . 

57.801 

50,579 

17.334 

205.963 

118.646 

-10.804 

2500 

7.243 

58.098 

50.874 

18.061 

205.853 

115,010 

-10.054 

2600 

7.201 

58.381 

51.157 

18.703 

205. 722 

111.379 

-9.362 

2700 

7.179 

58.653 

51 .430 

19.502 

205.574 

107.752 

-8.721 

2 800 

7.1 73 

58.913 

51.692 

20.220 

205.409 

104.13? 

-8.127 

2900 

7.1 84 

59.165 

51 .946 

20.937 

205.229 

100.520 

-7,575 

3000 

7.209 

59.409 

52.190 

21 .657 

205.036 

96,909 

-7,059 

3100 

7.247 

59.646 

52.427 

22.380 

204,832 

93.310 

-6.578 

3200 

7.297 

59.077 

52.656 

23.107 

204.616 

89.718 

-6.127 

3300 

7.35 7 

60. 103 

52,078 

23.839 

204.391 

86.130 

-5.704 

3400 

7.426 

60.323 

53.094 

24.578 

204. 157 

02.552 

-5.306 

3500 

7.503 

60.540 

53. 304 

25.325 

203.917 

78.9 74 

-4.931 

3600 

7.586 

60.75? 

53.508 

26.079 

203.668 

75.413 

-4,578 

3550 

- 7.630- 

60.857- 

---53,606--- 

- 26.460-- 

-203.54'^ 

- -73,631- 

-4,409 

3550 

7.630 

60.057 

53,608 

26. «60 

195.148 

73,631 

-4,409 

3700 

7.6 75 

60.961 

53.706 

26.042 

195.030 

71,969 

-4.251 

3800 

7. 769 

61 .167 

5 3,900 

27,615 

19<4.a0^ 

60.647 

-3.948 

3900 

7,866 

61.370 

54.089 

20.396 

194.584 

65.325 

-3.661 

4000 

7.965 

61 .570 

5-!. ,27*. 

29. 1 18 

194. 376 

62.016 

-3,388 

4100 

rt . 0 6 7 

61 « 7t,8 

54 . 454 

29.989 

194.177 

58,704 

-3,129 

4200 

0.169 

61 .964 

54.630 

30.801 

193,989 

55.401 

-2.883 

4300 

8.273 

62.157 

54.803 

31.623 

193.813 

52.1 16 

-2.649 

4400 

8. 3 76 

62.349 

54.973 

32.456 

193.644 

48.818 

-2.425 

4500 

8.470 

62.538 

55.139 

33.298 

193.486 

‘♦5.522 

-2.21 1 

4600 

8.500 

62. 726 

5 5 . 30 1 

34.151 

193.3 39 

42.24? 

-2 .007 

4700 

0.680 

62.91 1 

55.461 

35.014 

193. 202 

38.963 

-1 .812 

4B0O 

8. 770 

63.09=. 

55.619 

35.887 

193.0^5 

35.674 

-1 .624 

4900 

8.074 

63.277 

55.773 

36.770 

192.958 

32.399 

-1 .445 

5000 

8.968 

63.457 

55,925 

37.662 

192. 1*^0 

29.125 

-1.273 

5100 

9,059 

63.636 

56.074 

38.563 

1 92. 751 

25. 352 

-1.108 

5200 

9.140 

63.812 

56.221 

3^ 473 

1 92.661 

2. • ^04 

-0.949 

5 300 

9.2 34 

63.986 

56.366 

40 93 

192.501 

18.312 

-0.755 

5400 

9.317 

64.161 

56.509 

41.320 

192.508 

16.043 

-0.649 

5500 

9, 397 

64.333 

56.650 

42.256 

192.444 

12.771 

-0.507 

5600 

9.474 

64*503 

56.788 

43.199 

192.387 

9.509 

-0.371 

5 700 

9.546 

64.671 

56.925 

44.150 

192.330 

6.242 

-0.239 

5800 

9.619 

64.838 

57,060 

45.109 

192.297 

2.975 

-0.1 12 

5891 

- 9.682 

64.980- 

- - - 5 7 . 1 0 1 - - - 

- 45.987 

192.265 

0.000 

0.000 

5091 

9.6 82 

64.988 

57.101 

45.987 




5900 

9.688 

6^.003 

57.193 

46.074 




6000 

1 

9.753 

e *• . 166 

57. 325 

47.046 







, May lUZ 



CHW 
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TUNGSTEN. MONATOMIC (W) (IDEAL GAS) 


gfw = 183. 86 

AH^q = 202.809 Kcal gfw“* ^^f298 15 " 

Ground State Configuration ^Dq ^°298 15 ~ degK“^ gfw“^ 

^°298. 1 5 “ ^0 Kcal gfw 

Electronic levels and multiplicities 


Atomic energy levels from Moore^. 

Heat of Formation 

Based on experimental vaporization studies by Jones et and Zwikker^. 
Details given by Barriault et al^. 

Heat Capacity and Entropy 

Calculated on monatomic gas computer program. 

References 

1. Moore, C. , Atomic Energy Levels, Vol. Ill, Nat. Bur. Stds. (1958). 

2. Jones, H. A., I. Langmiur, G. MacKay, Phys. Rev. 30, 20 1 (1927). 

3. Zwikker.C., Physica ^,249 ( 1 925) . 

4. Barriault, R., et ASD TR-61 -260(May 1962), Lt. 1. 

TUNGSTEN* MSNAT0M1C IW) (IDEAL GAS) GFW « 163.86 

SUMMARY 0F uncertainty ESTIMATES 






rmi ' 




K 













c 







T.®K 


P 


% 

(F 

T ~ ”298* 

'T 

”t - ”»8 





1 

l-FKp 

298.1S 

± 

0.000 

A 

0.002 

A 

0.002 

A 

0.000 

A 

1 .800 

A 

1.820 

X 

1.330 

1000 

A 

0.001 

A 

0.003 

A 

0.003 

A 

0.001 

A 

2.010 

A 

2.000 

A 

o.<.<.o 

2000 

A 

0.001 

A 

0.003 

A 

0.003 

A 

0.001 

A 

2.510 

A 

2.630 

A 

0.290 

3000 


0.001 

A 

0.003 

A 

0.003 

A 

0.002 

A 

3.260 

A 

3.520 

A 

0.260 

36S0 

± 

0.002 

A 

0.003 

A 

0.003 

A 

0.002 

A 

<1.070 

A 

<..2Y0 

A 

0.260 

36S0 

± 

0.002 

A 

0.003 

A 

0.003 

A 

0.002 

A 

5.070 

A 

<..290 

A 

0.260 

aooo 

A 

0.003 

A 

0.003 

A 

0.003 

A 

0.003 

A 

5-770 

A 

<».B90 

A 

0.270 

5000 

± 

0.006 

A 

0.00^ 

A 

0.003 

A 

0.007 

A 

8.280 

A 

6.970 

A 

0.300 

5891 

± 

0.007 

A 

0.005 

A 

0.003 

A 

0.012 

A 

l.l<*0 

A 

9.2<.0 

A 

0. 34.0 

5891 

A 

0.007 

A 

0.005 

A 

0.003 

A 

0.012 







6000 

A 

0.007 

A 

0.005 

A 

0.003 

A 

0.013 
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TABLE 247 


YTTRIUM REFERENCE STATE 

Reference State for Calculating AHJ . AF^, and Log KpZ Solid Y from 0* t 
Liquid Y from 1801" to 360S‘K, Gaaeous Y from 3f.0S* to 6000* K 




ftmt 



f o 


o 'N o 

T."lt 


Sj -'^T - 

- H29g 


0 

0,000 

0.000 

infinite 

- 1 .426 

? 9 B .15 

6.349 

10.630 

10.630 

0.000 

300 

6.352 

10.669 

10.630 

0.012 

<•00 

6.509 

12.518 

10.861 

0.655 

500 

6.669 

1 3.987 

1 1 . 360 

1.314 

600 

6.632 

15.218 

1 1.903 

1.989 

700 

6.998 

16.283 

12.455 

2-680 

BOO 

7.168 

17.229 

12.993 

3-386 

900 

7 . 340 

18.083 

13.512 

4-114 

1000 

7.516 

18.865 

14.009 

4.857 

1100 

7.695 

19.590 

14.464 

5.61 7 

1200 

7.876 

20.267 

14.938 

6.396 

1 300 

8.061 

20.905 

15.373 

7.192 

1<*00 

8.249 

21 .509 

1 5 . 789 

8.006 

1 500 

8.441 

22.085 

16.190 

8.842 

1 600 

8.635 

22.636 

16.576 

9.696 

1 700 

8.832 

23.165 

16.948 

10.569 

1 758 

6.948 

2 3.464 

17,158 

1 1 .085 

1 758 

8. 371 

24.140 

17,150 

1 2.274 

1800 

8.371 

24.338 

1 7. 32 3 

L 2.626 

1 803 

8.371 

. 24 . 352 _ 

1 7. 33 5 _ 

12.651 

1 803 

10,303 

25.867 

17.335 

1 5 , 30.3 

1 900 

’ . <0 ^ 

26 . 407 

1 7,784 

16.382 

2000 

lO . 303 

26.935 

1 6.229 

17.412 

2 IOC 

10.303 

2 ^.438 

10.656 

18.443 

7200 

10.303 

27,91 7 

19.066 

19.473 

2300 

10.303 

28. 3 75 

19.461 

20.503 

?<*00 

10.303 

28.614 

19.841 

21.534 

2500 

10.303 

29.234 

20.209 

22-564 

2600 

10.303 

29.638 

20.564 

23.594 

2700 

10.303 

30 , C 27 

20.90 7 

24.625 

2800 

10.303 

30.402 

21 .239 

25.655 

2900 

10.303 

30.763 

21 ,562 

26-665 

3000 

10.303 

31.113 

21.874 

27.715 

3100 

10.303 

31 .450 

22.178 

28.746 

3200 

10.303 

31 .778 

22.473 

29.776 

3300 

10. 303 

32,095 

22.759 

••0 806 

3<.00 

10.303 

32.407 

23.030 

31.837 

3500 

10.303 

32.701 

23.310 

32.867 

3600 

10.303 

32.991 

23.575 

33.897 

3604 . 68 _ 

10 . 303 _ 

3 3 , 004 _ 

23 . 507 _ 

33.945 

3604 .68 

8.004 

57.262 

23.587 

120.623 

3 70 C 

B .237 

57.485 

24 . 45 ? 

121 , 39 * 

3 800 

8.477 

57,708 

25.318 

122.232 

3 900 

8.714 

57,931 

26.146 

123.092 

<.000 

8.944 

58.155 

26.937 

123.975 

<•100 

9.166 

58,378 

27,696 

124.880 

<•200 

9.380 

58.602 

28.424 

1 25.808 

4300 

9.583 

58.824 

29.124 

126.756 

4400 

9 . 774 

*^ 9.046 

29.796 

127,724 

4500 

9.954 

59.266 

30.443 

128.710 

4600 

10.121 

59.486 

31.068 

129,714 

4700 

10.276 

59.704 

31.670 

1 30.734 

4900 

10.41 7 

59.920 

32.251 

I 769 

4900 

10.544 

60.134 

32.814 

1 32.01 7 

5000 

10.659 

60 . 146 

33.359 

1 33.877 

5100 

10.761 

60.556 

33.885 

1 34.940 

5200 

10.850 

60.763 

34.396 

1 36.029 

5300 

10.927 

60.968 

34.892 

137.118 

5400 

10.992 

61.170 

35.373 

1 38.214 

5500 

1 1 .046 

61 . 370 

35.840 

139.316 

5600 

1 1 .090 

rl .566 

36-294 

140-423 

5700 

^ 1.123 

61 .760 

36-735 

141-529 

5800 

11.148 

61.951 

37.166 

142-647 

5900 

11.164 

62.138 

37.584 

143-763 

6000 

11.172 

62.327 

37.992 

144-880 




15 MArcy 1963 


I803'K. 


Log Kp 


MG 
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YTTRIUM (Y) 


(REFERENCE STATE) 


gfw X 88. 92 


0°K to 1803°K 
1803°K to 3605°K 
3605°K to 6000°K 


Crystal 

Liquid 

Ideal Monatomic Gas 


Ah^ = 0 

^”f298. 15 = ® 

Ah °298 j 5 = 101. 326 Kcal gfw"* 

®298. 15 " 10. 630 cal degK" 

Tj = 1758°K 

AHj X 1. 189 Kcal gfw"* 

T = 1803®K 
m 

Ah^ = 2. 732 Kcal gfw"* 

Tjj = 3604. 68°K 
«298.15-«0= ^-^26 Kcal gfw"* 

Ah^ = 86. 678 Kcal gfw"* 


Cp = 5. 899 + 1. 462 x lO'^T + 15. 492 x 10'®T^ cal degK"! gfw"* 

273. 15°K^T^ 1758°K 

Cp = 8. 371 cal degK“* gfw"* for 1758°^ T ^ 1803°K; C® = 10. 303 cal degK" * gfw"* for liquid 
Structure. 

h. c. p. to 1758°K; b. c. c. from 1758° to 1803°K 

Heat of Formation 

Zero by definition. 

Heat Capacity and Entropy 

Low temperature data by Jennings ^ ^ High temperature data by Berg. ^ 

Melting 

Melting points, heat of transition, and heat of fusion from Berg. ^ 

Heat of Sublimation 

Vaporization data from Ackermann and Rauh^ were used. 

References 

1. Jennings, L. D. , R. E. Miller and F. H. Spedding, J. Chem. Phys. 1849 (1960) 

2. Berg, J. R. , Ph. D. Thesis, Iowa State Univ. (1961). 

3. Ackermann, R J. and E. G. Rauh, J. Chem. Phys. 36, 448 (1962). 
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TABLE 248 


YTTRIUM IDEAL MONATOMIC GAS Y 


Reference State for Calculating AHJ , AFJ, and Log K : Solid Y from 0* to 1803*K. 
Liquid Y from 1803" to 3605* K. Gaaeoua Y from 3605* to 6000* K 




cal/ mim 





T.«*K 


% 

-(F; - 

1 

X 

r 

ahJ 

afJ'' 

Log 

0 

0*000 

0.000 

infinite 

-1 *639 

101*539 

101.539 

INFINITE 

?98. 1 b 

6*181 

42.870 

42*870 

0.000 

101.326 

91.714 

-67 .225 

300 

6*161 

42.909 

42*071 

0.01 1 

101*325 

91 .654 

-66*767 

<i00 

6*045 

44.673 

43.112 

0.624 

101.295 

88.434 

-48.316 

300 

5*826 

45.999 

43.563 

1*218 

101 .230 

05.225 

-37*250 

600 

5*638 

47.044 

44.059 

1.791 

101.128 

82*033 

-29*079 

700 

5*494 

47.901 

44.548 

2*347 

100*993 

76.861 

-24*620 

600 

5*368 

48.628 

45.014 

2.891 

100.829 

75*709 

-20.682 

900 

5*308 

49.258 

45.451 

3.426 

100.638 

72.581 

-17*624 

1 000 

5*249 

49.814 

45.860 

3*953 

100*422 

69*475 

-15*103 

1100 

5*203 

50.312 

46*243 

4.476 

100.185 

66.391 

-13*190 

1200 

5.169 

50.763 

46.601 

4*994 

99.924 

63*331 

-11 *534 

1300 

5*144 

51.175 

46.937 

5*510 

99.644 

60*293 

-10.136 

1400 

5.127 

51 .556 

47.254 

6.023 

99.341 

57.275 

-8*941 

1300 

5.119 

51 .909 

47.552 

6.536 

99*020 

54.283 

-7.909 

1600 

5*120 

52*240 

47.835 

7.047 

98.677 

51.312 

-7.009 

1 700 

^*130 

52.550 

48.103 

7*560 

98*317 

48.363 

-6.217 

1 756 

5.143 

52.721 

48.251 

7*590 

97.831 

46 *665. 

. -5.001 

1 758 

5.143 

52.721 

48.251 

7.590 

96.642 

46.665 

-5.801 

1800 

5.153 

52.844 

48.359 

8*074 

96.774 

45.461 

-5*520 

1803 

5.154 

52.852 

48 . 366 

8.090 

96*765 

45.377 

-5*500 

1803 

5.154 

52.852 

48. 366 

8.090 

94.033 

45.377 

-5.500 

1 900 

5.187 

53.124 

48.602 

8*591 

93*535 

42.772 

-4*920 

2000 

5.235 

53.391 

48.835 

9.112 

93.026 

40*114 

-4.383 

2100 

5*298 

53*648 

49.058 

9*638 

92.521 

37.402 

-3.901 

2200 

5.377 

53*896 

49.272 

10*172 

92.025 

34*873 

-3*464 

2 300 

5*47? 

54.137 

49.479 

10*714 

91.537 

32*285 

-3.068 

2400 

5.584 

54.372 

49.678 

11.267 

91 .059 

29.710 

-2.706 

2500 

5.713 

54.603 

49.870 

11.832 

90*594 

27*174 

-2.375 

2600 

5-858 

54.830 

50.056 

12.4*0 

90.142 

24.647 

-2*072 

2700 

6.020 

55.054 

50.237 

13.004 

89*705 

22*135 

-1.792 

2800 

6*190 

55.276 

50*413 

13*615 

89*286 

19*639 

-1 .533 

2900 

6.389 

55*497 

50.505 

14*244 

88*885 

17,160 

-1 .293 

3000 

6.594 

55*71 7 

50.75? 

14*893 

80.504 

14.692 

-1 .070 

3100 

6*810 

55*936 

50.916 

15*563 

08*143 

12*238 

-0*863 

3200 

7*035 

56.156 

51 .076 

16.255 

07*805 

9,797 

-0.669 

3300 

7*268 

56.376 

51 .234 

16.970 

07*490 

7.359 

-0.487 

3400 

7*507 

56*597 

51 *388 

17.709 

87.198 

4.936 

-0.317 

3500 

7.750 

56*818 

51 .540 

1 8 * 4 ; 2 

86.931 

2.521 

-0.157 

3600 

7.993 

57.039 

51.690 

19*259 

86*688 

0*112 

-0*007 

3604*68 

8*004 

57.049 

51.697 

19*297 

86*678 

-o.ool 

0*000 

i604«6B 

6*004 

57.049 

51 *697 

19.297 




3700 

8*237 

57.262 

51*837 

20*070 




3600 

8.477 

57.485 

51 *983 

20*906 




3900 

8*714 

57.708 

52*127 

21*766 




4000 

6*944 

57.931 

52*269 

22*649 




4100 

9*166 

58*155 

52.410 

23.554 




4200 

9*380 

58.378 

52*549 

24*482 




4300 

9*583 

58*602 

52.688 

25.430 




4400 

9.774 

58*824 

5‘»*825 

26*390 




4500 

9.954 

59.046 

52.960 

27*384 




4600 

10*121 

59.266 

53.095 

28*386 




4700 

10.276 

59*486 

53.229 

29*408 




4800 

10*417 

59*704 

5 3. 361 

30.443 




4900 

10*544 

59-920 

53.493 

31 91 




5000 

10.659 

60*134 

53*624 

32. 1 




5100 

10.761 

60*346 

53.753 

33*622 




5200 

10*850 

60*556 

53.882 

34*703 




5300 

10*927 

60*763 

54.010 

35.792 




5400 

10*992 

60*968 

54.137 

36*888 




5500 

1 1 *046 

61*170 

54.263 

37*990 




5600 

11*090 

61*370 

54*388 

39.097 




5700 

11*423 

61 .566 

54*512 

40*206 




5800 

11*148 

61 . 760 

54.636 

41*321 




5900 

11.164 

61 *951 

54.758 

42.437 




60C0 

11*172 

62.138 

54.880 

43.554 







15 March I9h3 



MG 
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YTTRIUM, MONATOMIC (Y) 


(IDEAL, GAS) 


gfw = 88. 92 


Ah^o = 101. 539 Kcal gfw'* 

2 

Ground State Configuration ^3/2 

“ 298 . 15'“o = * 


AHf298. 15 = lOl- 526 Kcal gfw'* 
®298 15 ' *'** *5egK"* gfw'* 


Electronic Levels and Multiplicities 
Energy levels from Moore. 


Heat of Formation 

Based on data of Ackermann and Rauh. 


Heat Capacity and Entropy 

Calculated on monatomic gas program. 


References 


1 . 

2 . 


Moore, C. E. , 
Ackermann, R. 


Nat. Bur. Std. (U. S. ), Circ. 467, Vol. 11 (1952). 

J. and E. G. Rauh, J. Chem. Phys. 36, 448 (1962). 
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TABLE ^49 


ZIRCONIUM 


reference state 


Reference State for Calculating AHJ , 
Liquid Zr from 2125* to 4644* 


AFJ. and Log Kp: Solid Zr from 0* to 2I26*K, 
K. Caseous Zr irom 4644* to 6000* K. 


c.l/»K,|,_ Kc.l/,f. ^ 

S ^ -O't - ah; 


0 

6.000 

0 

296.15 

6.001 

9 

300 

6.015 

9 

400 

6.555 

1 1 

500 

6.662 

12 

600 

7.124 

13 

700 

7.327 

15 

600 

7.508 

16 

900 

7.677 

16 

1000 

7.638 

17 

1100 

7.994 

18 

1135 

8.046 

18 

1135 

7.900 

19 

1200 

7.900 

19 

1 300 

7.900 

20 

1400 

7.900 

21 

1 500 

7.900 

21 

1600 

7.900 

22 

1700 

7.900 

22 

1600 

7.900 

23 

1 900 

7.900 

23 

2000 

7.900 

24 


.006 

infinite 

-1 .31 3 

.290 

9.296 

0.000 

.327 

9.290 

0.01 1 

.140 

9.534 

0.642 

. 640 

10.009 

1.315 

.917 

10.557 

2.016 

.031 

11.118 

2.739 

.021 

1 1 .670 

3.481 

.915 

12.204 

4.240 

.732 

12.717 

5.016 

.467 

13.207 

5.806 

.738 

13.374 

6.068 

.544' 

13.374 

7.003 

• 984 

13.720 

7.517 

• 61 7 

14.227 

8.307 

.202 

14.704 

9.097 

. 747 

1 5. 1*.6 

9.687 

.257 

1 5.584 

10.677 

.736 

15.991 

1 1 .467 

.167 

16.378 

12.257 

.614 

16.748 

13.047 

.020 

17.101 

13.837 


2100 

7.900 

24 

2125 

7.900 

24 

2125 

8.000 

26 

2200 

8.000 

27 

2300 

8.000 

27 

2400 

8.000 

27 

2500 

8.000 

28 

2600 

8.000 

28 

2700 

8.000 

28 

2800 

8.000 

29 

2900 

8.000 

29 

3000 

8.000 

29 


-<*05 17*440 14.6P7 

1 7-523 14.824 

.805 17.523 19.724 
.087 17.844 20.324 
.438 18.253 21.124 
.778 18.643 21.924 
.105 19.015 22.724 

.418 19.371 2:. 524 
.720 19.711 24.324 
.oil 20.038 25.124 
.292 20.353 25.924 
.563 20.655 26.724 


3100 

8.000 

29.826 

20.947 

27.524 

3200 

8.000 

30.080 

21 .226 

28.324 

3300 

8.000 

30.326 

21.500 

29.124 

3400 

8.000 

30.565 

21.763 

^■5,024 

3500 

8.000 

30.796 

22.010 

30. 724 

3600 

8.000 

31 .022 

22.265 

31 .524 

3700 

8.000 

31 .241 

22.505 

32.324 

3 800 

8.000 

31 .454 

22. 737 

33.124 

3900 

8.000 

31 .662 

22.964 

33.924 

4000 

8.000 

31 .865 

23.184 

34.72'- 

4100 

8.000 

32.062 

23.398 

35.524 

4200 

8.000 

32.255 

23.606 

36.324 

4300 

8.000 

32.443 

23.810 

37.124 

4400 

8.000 

32.627 

24.008 

37.924 

4500 

8.000 

32.807 

24.202 

30.724 

4600 

8.000 

'>2.98 3 

24.391 

39.524 

*.644.05 

8.000 

33.059 

24.473 

39,876 

4644.0'> 

8.952' 

62.226 

24.473 

175.330 

4700 

8.984 

62.334 

24.923 

I 75,832 

4600 

9.039 

62.524 

25.704 

1 76.733 

4900 

9.091 

62.711 

26.458 

1 640 

5000 

9.1 39 

62.89«. 

27.165 

1 78,551 

5100 

9.185 

63.076 

27.886 

1 79.467 

5200 

9.226 

63.255 

28.565 

180.388 

5300 

9.265 

63.431 

29.221 

181 • 31 3 

5400 

9.300 

63.605 

29.856 

162.241 

5500 

9.332 

63.775 

30.471 

183.172 

5600 

9.361 

63 • 944 

31.068 

184. 107 

5700 

9.307 

*4.110 

31 .646 

185.045 

5600 

9.409 

64.273 

12.207 

185.984 

5900 

9.429 

64.434 

32. 752 

186.926 

6000 

9.446 

64.593 

33.28? 

J 87.870 


Loi Kp 


15 March 196) 


HLS 


Zr 


2-345 



ZMCONIUM (Zr ) 


(RCFCRCNCE STATE) 


gfw - 91. li 


0®K to ZiZS^K Cry«Ul 

2l2!t^K to 4644. 05®K Liquid 

4644 05^K to 6000 "k Idoai Moiutomic C«» 


^*^0 ■ ® 

^”f298 15 ' ® 

Ah^^9j 15 ■ 8'^“* 

®29d 15 “ 9. 29 cal dsgK'* gfw“^ 

T, * I135®K 

>0915 Kcal gfw*' 

T^ - 2I25**K 

- 4. 900 Kcal gfw' ' 

T^ - 4644. 05®K 

Ah^ * 135 454 Kcal gfw~* 

”298. l5“”o’ > >'5Kcal gfw"' 



C® * 6. 50 4 1. 42 » lO-^T - 0 82 ■ 10^T“2 cal d«gK*^gfw~* 298, 1 5*K < T < 1 1 35*K 

Cp » 7. 900 cal degK'^gfW^ 1135 f. T < 2l25*K 
Cj ■ 8. 00 cal dag K’* gfw'' 2125 T <;^ 4644*K 
Structura 

h. c. p. to 1135®K, b. c. c. from 1 1 35®K to malting point 

Haat of Formation 

Zaro by daflnltlon. 


Haat Capacity and Entropy 


Kallay 


Low tamparatur* data from Sklnnar and Johnston 


High tsmpsraturs data from 


Malting 

TamparattiTa of transition point and haat of transition from Kellsy ^ Haat of fusion 
from Kallay. * Malting tamparatura from Hultgran si ^ 


Hast of Sublimation 


An svarsga of tha data by Truloon and Goldstain 


4 


and Sklnnar at al 


5 


Rafarancaa 


1 Sklnnar. C B and H L Johnston. J Am. Cham. Soc._^. 4549 (1951) 

Z Kallay, K K , Bur Minas. BuU. 584 (I960) 

3. Hultgran. R at Salactad Values , U of California, Barkalay (1960) 

4. Trulson. O C and H W Goldataln, Union Carbide Quarterly Progress Rcpt. , 
Contract DA-30-069>2787 (31 March 1962). 

5 Sklnnar, C B , J W Edwards and H L Johnston. J Am. Cham Soc 7 3. 

174 (1951) 


ZIRCONIUM (Zr) (REFERENCE STATE) GFW • 91.22 

SUMMARY 0F uncertainty ESTIMATES 




^ • 


-csl/^R 1 

!(•— 

o 


T.»K 


s 




- 

298*15 

A 

0.050 

A 

0.040 

A 

0.040 

1000 

A 

0.500 

A 

0.123 

A 

0.065 

1135 

A 

0.500 

A 

0.185 

A 

0.077 

1135 

A 

0.500 

A 

0.273 

A 

0.077 

2000 

A 

1.000 

A 

0.569 

A 

0.229 

2125 

A 

1.000 

A 

0.625 

A 

0.251 

2125 

A 

2.000 

A 

0.860 

A 

0.251 

3000 

A 

2.000 

A 

1.550 

A 

0.535 

4000 

A 

2.000 

A 

2.125 

A 

0.864 

4664.05 

A 

2 .000 

A 

2.465 

A 

1*088 

4644.05 

A 

0.002 

A 

0*004 



5000 

A 

0.002 

A 

0*004 



6000 

A 

OsOOl 

A 

0*004 




^ Kc.l/,fw 


A 0.000 
A 0.058 
A 0.123 
A 0.223 
A 0.680 
A 0.796 
A 1.296 
A 3.046 
A 5.046 
A 6.532 


2.346 




TABLE 250 


ZIRCONIUM IDEAL MONATOMIC GAS Zf 

Reference State for Calculating A Hf . AFf, and Log K : Solid Zr from O' to 2125'K. 

Liquid Zr from 212S' to 4644*K, Gaseous Zr from 4644' to 6000* K. 




csl/^K ffw- 



Kcal/gfv 



T.“K 


4 


f ^ 

“t - ”298 

AHf 


Lofltp 

0 

0.000 

0.000 INFINITE 

-1.629 

142.810 

142.810 1 

NF INITE 

2<)8.15 

SCO 

4,00 

500 

6.368 

6.375 

6.612 

6.594 

43.317 

43.356 

45.231 

46.707 

43.31 7 

43.317 
43.571 
44.056 

O.OOO 

0.012 

0.664 

1.326 

143.126 

143.127 
143.146 
143.137 

132.981 

132.910 

129,511 

126.102 

•97.473 

-96.826 

-70.75$ 

-55.117 

600 

700 

BOO 

900 

1000 

6.464 

6.316 

6.199 

6.133 

6.121 

47.899 

48.884 

49.719 

50.445 

51.090 

44.601 

45.144 

45.665 

46.157 

46.619 

1.979 

2.618 

3.243 

3.859 

4.472 

143.089 

143.005 

142.888 

142.745 

142.582 

122.700 

119,308 

115.930 

112.568 

109.224 

-44.691 

-37,240 

-31.669 

-27.334 

-23.876 

1100 

1135 

1135* 

1?00 

1300 

1400 

1500 

6.156 

6.177 

6.177" 

6.226 

6.320 

6.428 

6.542 

51 .675 

51 .868 
■'51 .868" ’ 
52.21 3 
52.715 
53.186 
53.635 

47.052 
47.196 
47. 198' 
47.460 

46.210 

48.557 

5.085 

5.301 

5.301 

5.704 

6.331 

6.969 

7.617 

142.403 

142.339 

141.424 

141.313 

141.150 

140.998 

140.056 

105.897 

104.736 

"104.736 

102.638 

99.423 

96.218 

93.024 

-21.039 

-20.166 

-20.166 

-10.692 

-16.714 

-15.020 

-13.553 

1600 

1 700 

1800 

1900 

2000 

6.655 

6.764 

6.866 

6.960 

7.047 

54.061 

54.468 

54.857 

55.231 

55.590 

46.888 
49.204 
49.507 
49. 799 
50.080 

8.277 

8.948 

9.629 

10.321 

11.021 

140.7 S 

1 40. 607 
140.490 
140.400 
140.310 

89.840 

86.664 

83.494 

00.329 

77.168 

-12.271 
-11 .141 
-10.137 
-9.240 
-8.432 

2100 

2125 

2175 

2200 

2 300 

2400 

2500 

/ . 1 28 
7.148 
7.148 
7.204 
7.276 
7.345 
7.413 

55.936 

56.020 

56.020 

56.269 

56.591 

56.902 

57.204 

50.350 

50.416. 

50,416 

50.612 

50.B65 

51.110 

51 . 348 

11.730 

1 1 .909, _ 

11.909 

12.447 

13.171 

13.902 

14.640 

140.229 
140.21 1 

1 35.31 1 

1 35.249 

1 35.173 

1 35.104 

1 35.042 

74.015 

73.220_ 

73.228 

71.036 

68.118 

65.205 

62.294 

-7.702 
-7.531 
-7.531 
-7.056 
-6.472 
-5.937 
-5 .445 

2600 

2 700 

2600 

2900 

3000 

7.481 

7.549 

7.618 

7.688 

7.760 

57.496 

57.779 

58.055 

56.323 

58.585 

51.570 

51.803 

52.021 

52.234 

52.441 

15.304 

16.136 

16.094 

17.659 

10.432 

134.986 

134.930 

134.896 

1 34.861 

1 34.834 

59.380 

56.478 

53.574 

50.671 

47,768 

-4,992 

-4,571 

-4.181 

-3,818 

-3.480 

3100 

3700 

3300 

3400 

3500 

7.833 

7.900 

7.984 

8.061 

8.139 

58.041 

59.091 

59.335 

59.575 

59.610 

52.644 

52.841 

53.034 

53.223 

53.408 

19.212 

19.999 

20.793 

21.595 

22.405 

134.814 

134.001 

1 34.70^ 

1 34.797 
134.807 

44.865 

41.964 

39,064 

36.162 

33.261 

-3.163 

-2.866 

-2.587 

-2.324 

-2.0T7 

3600 

3700 

3800 

3900 

4000 

8.217 

8.294 

8.371 

8.447 

8.522 

60.040 

60.266 

60.488 

60.707 

60.922 

53.589 

53.767 

53.941 

54.111 

54,279 

23.223 

24.049 

24.882 

25.723 

26.571 

134.825 
134.8' ’ 
134.884 
134,925 

1 34.973 

30.360 

27.457 

24.551 

21.653 

18.746 

-1 .843 
-1.622 
-1 .412 
-1.213 
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ZIRCONIUM, MONATOMIC (Zr) 


(IDEAL GAS ) 


glw = 91. 22 


Ah®q = 142. 810 Real gfw'* 


Ground State Configuration 
«298. 15-”o = ‘-629 Real gfw'l 


Ah^ 298. 15 “ *26 Real gfw'* 

®298. 15 = 43. 317 cal degR'*gfw'* 


Electronic Levels and Multiplicities 


All levels from Moore. 


Heat of Formation 


An average heat of formation based on the work of Trulson and Goldstein^ and 

^ ^ 1 3 1 


Skinner et aK was used. 


Heat Capacity and Entropy 


Calculated using monatomic gas program. 
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ZIRCSNIUM. M0NAT0M1C (Zr) (IDEAL GAS) 


GFW - 91,22 
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BIBUOGRAPHY 

AND 

PROPERTY FILE 


This document, volume 2 , provides a key to much thermodynamic and related 
literature for refractories of interest. A bibliography (section VIII) and 
subject or property file (section IX) are included herein. The present bibliography 
has been utilized in the work reported in volume 1 (Discussion) and volume 
2 (Thermodynamic Tables). 

Basically, the present bibliography has been compiled by finding pertinent 
references for 35 elements, and their borides, carbides, nitrides, and oxides. 
The elements of interest include: beryllium, boron, calcium, carbon, cerium, 
chromium, dysprosium, gadolinium, hafnium, iridium, lanthanum, magnesium, 
manganese, molybdenum, r>iobium, nitrogen, neodymium, osmium, oxygen, 
platinum, rhenium, rhodium, samarium, scandium, silicon, strontium, 
tantalum, technetium, thorium, titanium, tungsten, uranium, vanadium, 
yttrium, and zirconium. 

The manner of compiling this bibliography has been described in section IIB 
of volume 1. For complete information, that section should be consulted. 

Many abstracting sources have been utilized. The literature available through 
October 1963 Chemical Abstracts has been included herein. 


The authors are well aware of many deficiencies of the present work, and no claim 
is made for completeness. An earlier bibliography^ can be consulted for further 
references. There may be a small amount of duplication of that earlier work 
by this work, but in general this is not expected to be too large. The references 
cited in this bibliography may often contain data of a nonlhe rmodynamic nature. 
However, if it appeared that the article might provide useful complementary 
material, it was included. Also, in some cases, data for compounds of not 
immediate interest have been included because of their t elationships to com- 
pounds which are of interest. 

It is felt that the present bibliography can provide a good basis for the investiga- 
tion of thermodynamic properties of the given compounds. However, the care- 
ful worker who wants a very complete bibliography must expect to delve deeper 
by further cross referencing, by usage of abstract indexes, etc. For example, 
in the analyses of volume 1, many references have been discovered which are 
not in the bibliography. 

^Barriault, R. J. et al, ASD TR 61-260, Pt. I, Vol. 2 (May 1962). 


Manuscript released by authors (December 1963) for publication as an ASD 
Technical Documentary Report. 
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In utilizing the present bibliography, one normally should consult the subject 
or property file (section IX) first. A given compound is listed in column®, 
of this file, by the usual chemical formula arranged alphabetically. Once, a 
particular compound has been found, desired properties can be selected from 
column®. In this column, a mnemonic code has been used. For codes which 
are not immediately obvious, one can consult the property -file-code sheet at 
the beginning of section IX. After a desired reference is located in the property 
or subject file of section IX, it can then be located in the alphabetic or main 
bibliography of section VIII. To locate it there, one uses the information in 
the last three columns (®,®, 0) of the property file of section IX. Usually, the 
author's name will be sufficient, but the year information and the code number 
in the last column provide the positive identification of a particular reference. 


Column CO - identifies the left-most column in heavy print on the first, alternate lines 
for a given reference. It refers to SPK, THER, THER, TRT, etc. , on 
the sample page of the property* file. 

Column cr) - identifies the second or right-most column, in light print on the first, al- 
ternate lines for a given reference. It refers to TC, TC , etc. , on the 
sample page of the property file. 

Column ij> - identifies the left-most column in light print on the second, alternate lines 
for a given reference. It refers to SHADMI, SCHICK, MARCRAVE, etc. , 
on the sample page of the property file. 


Column Ci> - identifies the middle column in heavy print in the second, alternate lines 
for a given reference. It refers to the last two digits of the year of publi- 
cation, e.g. 61, 62, 61, etc. 


Column Ci) - identifies the serial number on the right-most column on the second, al- 
ternate lines for a given reference. On the sample page of the property 
file, it is illustrated as 700954, 300995, 700967, etc. 
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KANTOR. P LAZAREVA 

62 

THEfI AIR 




REV AL20 3 


KIVEL. B MAYER. H 

64 

600606 


ALFRED. F 

62 

THER AIR CARBON SYST 



CFH AL20 3 


SERGEYEV. V 

61 

400604 


DAWSON. R BRACKETT 

63 

THER ALK EARTHS 




FHA6 AL20 3 


EMLEY. E 

62 

100206 


DIAMOND. J SCHNEID 

60 

ERE6 ALK EARTH BORIDES 



PHA6 AL20 3 


SAMSONOV. V 

61 

700667 


OIELISSE. P 

62 

OHT ALK FLUORIDES 




FHA6 AL20 3 


PETIT, G DELBOVE 

62 

300766 


ARAMAKI.S ROY. R 

62 

OHO ALK FLUORIDES 




CPH APPARATUS 


BLUE. G GREEN. J 

63 

301161 


KRAFTMACHER. lA 

62 

OHT ALK FLUORIDES 




REV ATOMIC WEIGHTS 

PETIT, G DELBOVE. 

62 

300766 


CAMERON. A WICHEHS 

61 

THER ALK METALS 




6PK ATOMS 


EMLEY, E 

62 

100206 


ZAIDEL. A PROKOFKV 

61 

OH ALK EARTH OXIDES 



THEO ATOMS 


MEDVEDEV. V 

61 

300336 


SLATER, J 


OHO ALK EARTH OXIDES 



ENO ATOMS 


VEITS, I GURVICH. 

67 

700666 


CAUCHOIS. Y 

66 

OHO ALK BARTH OXIDES 


* 



MEDVEDEV, V 

61 

300336 




THCR ALK EARTH OXIDES 





VEITS. I GURVICH. 

67 

ID 

• 

R 

O 

o 


B 


OH ALK EARTH OXIDES 





MEDVEDEV. V 

61 

300263 




OHT ALLOYS 




616 B 


BECK. P 

60 

201646 


SULLIVAN. R SEIBEL 

60 

MISC ALLOYS 




CEMP B 


NOWOTNY. H 

60 

200617 


NIEMYSKI. I OLEMPS 

62 

FHA6 ALLOYS 




CEMP B 


WALLACE. W 

60 

201731 


HOOD. C THURSTON. 

62 

RIAC ALLOYS 




CEMP B 


ANDREEVA. V ALEKSE 

62 

201614 


SAMSONOV. G NESHPO 

66 

RfAC ALLOYS 




CPH B 


IOFFE, V BAGAEVA, 

60 

200637 


MCDONALD. R STULL, 

62 

R6AC ALLOYS 




CPH B 


FIELD, A AMMON. R 

61 

2dt660 


WILLIAMS. N N 

61 

RfAC ALLOYS 




CPH B 


MCKINSEY, C MINCHE 

61 

201946 


MAGNUS. A DANZ, H 

26 

SURF ALLOYS 




CRY6 B 


KOZAKEVITCH. P URB 

61 

201667 


HORN. F 

61 

TOON ALLOYS 




CRV6 B 


BUDWORTH, D HO ARE. 

60 

200602 


HOARD. J 

61 

TH6R ALLOYS 




CRY6 B 


KAPUSTINSKII. A 

60 

200663 


BECHER, H SCHAFER. 

60 

THIR ALLOYS 




CRY6 B 


MATSBEVA. M IVANOV 

66 

200662 


HUGHES. R KENNARD 

63 

ON AL 




CRY6 B 


JOHNSON. R 

66 

601263 


MALINCHKOV. O POVI 

62 

PHAS AL 




CRY6 B 


JOHNSON. R 

66 

601263 


MALYUCHKOV. O POVI 

62 


601263 

201632 

701014 

300413 

701014 

300720 

300604 

202001 

300666 

701074 

300663 

300623 

300683 

201663 

202024 

202026 

201740 

201666 

301261 

301422 

300616 

600606 

301102 


701036 

300706 

601664 

201062 

300726 

700666 

700660 

700666 

700666 

400617 

300601 

300646 

300664 
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CPIVt B 

KOLAKOWSKI 
CRYS B 

CARPENTER, R KATO, 
C|IY8 B 

KOHN, J NYE, W CA 
DH B 

ROBSON, H 
OH B 

AKISHIN, P NIKITIN 
cues B 

HOOD, C THURSTON. 
CRES B 

SAMSONOV, G 
CRES B 

TAYLOR, W ET AL 
KIN B 

SLEPTSOV, V SAMSON 
MISC B 

SAMSONOV. O 
MSP B 

SHAPIRO, I WILSON. 
PHAS B 

HOOD. C THURSTON, 
PHAS B 

MARTIN. R SEAGLE. 
PHAS B 

DOLLOFF, R 
PHAS B 

BECHER, H 
PHAS B 

TALLEY. C POS r. B 
REAC B 

ELLIS, H 
REAC B 

ROSENBERY, J 
REAC B 

GILLKS, P 
REAC B 

VEKSHINA. N MARKOV 
PHAS B 

KOHN.J NYE. W (\A 
REAC n 
FISHER, F 
REAC H 

FEDEROV, T F SHAMA 
REAC B 

SAMSONOV. G MARKOV 

REAC B 

RUSIN. A TATEVSKII 
REAC B 
HENDERSON. U 
REV B 

WOHLL. M 
REV B 

KOHN. J NYE. W GA 
REV B 

WILLIAMS, D 
SPK B 

KRAEV. M 
SPK B 

PILCHER. (; SKINNER 
SPK B 

RUSIN, A TATEVSKII 
SPK B 

MALTSEV. A KATAEV. 
SPK B 

KRAEV. M 
ther B 
SCHICK. H ANTHROP 
ther B 
SULLIVAN. RSEIBEL 
THSR b 

SAMSONOV. G MARKOV 
ther b 
WILLIAMS. N N 
TRT b 

martin. R SEAGLE. 


62 

301608 

60 

600626 

60 

600881 

66 

300276 

69 

300362 

62 

601694 

61 

700687 

61 

301602 

60 

200766 

60 

200916 

61 

201366 

62 

601694 

61 

300308 

60 

700989 

61 

300343 

60 

200993 

60 

200980 

60 

201392 

61 

201334 

62 

201487 

60 

600881 

60 

200877 

60 

300197 

60 

300676 

61 

301 117 

62 

301469 

60 

701063 

60 

600881 

60 

201304 

61 

300798 

62 

301044 

61 

300680 

60 

600701 

61 

301069 

63 

300994 

60 

701039 

60 

301118 

61 

700689 

6t 

300309 


TRT B 

DOLLOFF. R 60 SOOSS2 

VAP B 

KATHAYATE, Y RIHAN 63 3014S3 

VAP B 

PAULE, R 61 S0147S 

VAP B 

PRISELKOV, YU A SA 60 300142 

VAP B 

MARGRAVE, J 61 700067 

VAP B 

KIBLER, G LYON, T 62 300427 

VAP B 

PAULE. R MARGRAVE 63 301320 

VAP B 

PRISELKOV, y SAPOZ 60 600637 

PHAS B SYST 

STEPANOVA, A UMANS 66 601204 

SPK B SYST 

STEPANOVA. A UMANS 66 601204 

PHAS B AL SYST 

SEREBRYANSKII, V 61 300S40 

CRYS B C 

KUDRYAVTSEVA, V SO 60 600789 

PHAS B r 

MARTIN. R SEAGLE. 61 300308 

REAC B C 

LKNZI. D PELLEGHIN 69 200866 

REAC B c: 

NAZAHGHUK.T 61 201676 

TRT b C 

MARTIN, R SEAGLE, 61 300308 

CEMP B 4C 

SAMSONOV, G SYNELN 61 300386 

REAC B 4C 

BOSCH. F 62 202008 

MPP B 4C 

PORTNOY. K SAMSONO 81 300486 

REAC B 4C 

LYUTAYA. M NAZARCH 61 300628 

CRYS B 40 

EPELBAUM. V A SEVA 61 300202 

REAC B 40 

VUILLARD. G LUQUE 61 201467 

PHAS B 4C SYST 

DOLLOFF, R 60 700909 

CRYS C SYST 

ELLIOTT : VAN THY 60 701069 

ERE8 B ' SYST 

wSAMSONOV.G 61 601686 

MPP B C SYST 

KISLE\ . P S SAMSON 60 300137 

MPP B C SYST 

ZHURAVLEV. N MAKAR 61 300649 

MSP B C SYST 

VERHAEGEN. G STAFF 62 601660 

PHAS B C SYST 

SAMSONOV. G 61 801686 

PHAS B C SYST 

ELLIOTT. R VANTHYN 60 600622 

PHAS C SYST 

ELLIOTT. R 61 700718 

PHAS BCSYSr 

DOLLOFF. R 60 700988 

PHAS B C SYST 

ZHURAVLEV, N MAKAR 61 300649 

PHAS B C SYST 

DOLLOFF, R 80 600082 

THER B C SYST 

SAMSONOV, G 69 201343 

REV B C SYST 

ELLIOTT. R THYNE 00 800973 

VAP B C SYST 

VERHAEGEN. G STAFF 92 301609 

THER B C SYST 

VERHAEGEN. G STAFF 62 001990 

THER B C SYST 

VERHAEGEN, G STAFF 90 901674 
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VAP E C SYST 

VERHAEGEN. G STAFF 
DH B F 3 

GALCHENKO. G TIMOF 
REAC B 2F 4 
HOLLIDAY. A TAYLOR 
CPH B N 

WALKER. B EWING. C 
CPM B N 

PROPHET. H STULL 
CPH B N 

MCDONALD, R STULL, 
DH BN 

GALCHENKO. G KORMl 
KIN B N 

SAMSONOV. G SLEPTS 
CPH B N 

MAGNUS. A DANZ, H 
CRY8 B N 

THOMAS, J WESTON 
CRY8 B N 

WENTORF, R 
DH BN 

WISE. S 
DH BN 

HILDENBRAND. D L 
H BN 

MEZAKI. R TILLEUX 
KIN B N 

SLEPTSOV, V SAMSON 
PHAS B N 

WENTORF. R 
PHAS B N 

WANG. C 
VAP B N 

HILDENBRAND. D HAL 
VAP B N 

FESENKO, V BOLGAR 
PREP B N 

TAGAWA. H ITOUJI 
PEAC B N 

SAMSONOV, G KOVALC 
REV B N 

SAMSONOV. G SEMENO 
8 BN 

MEZAKI. R TILLEUX 
8PK B N 

REDFIELD. D BAUM 
THEO B N 

SAMSONOV, G KOVALC 
VAP B N 

HILDENBRAND. D HAL 
REAC B N 

BOSCH. F 
THER B N 

HILDENBRAND. D L 
THER B N 

FUGET, C R MASI. J 
TRT B N 

THOMAS. J WESTON 
VAP B N 

AKISHIN. P KHODEEV 
VAP B N 

FESENKO. V 
VAP B N 

DREGER, L DADAPE. 
VAP B N 

DREGER. L 
VAP B N 

DREGER. L 
VAP B N 

DREGER. L MARGRAVE 
VAP B N 

JENSEN. A GOSHGART 

THER B N SYST 

SAMSONOV. G 
ERB8 B N SYST 

SAMSONOV. G 


60 

601674 

60 

201644 

02 

201724 

62 

301098 

63 

300961 

61 

300333 

60 

201646 

60 

201816 

26 

700660 

62 

301039 

61 

700936 

62 

300741 

61 

300210 

62 

601617 

69 

200766 

61 

700936 

62 

301376 

63 

301241 

63 

301216 

62 

201930 

63 

900221 

62 

300662 

62 

601617 

61 

200076 

63 

900221 

63 

202060 

62 

202008 

61 

300219 

67 

300243 

62 

301039 

62 

300692 

62 

300711 

62 

300604 

62 

300720 

61 

300628 

60 

600642 

62 

301266 

69 

201343 

61 

601686 


PHAS B N SYST 
SAMSONOV. G 
SPK B O 

KUZYAKOV. Y TATEVS 
E BO 

LAGERQVIST. A NILS 
REAC B O 

ZINTH, E MORAWIETZ 
SPK B O 

KUZYAKOV, Y TATEVS 
SPK B O 

SINGH, N 
SPK B O 

WELTNER, W WARN. J 
SPK B O 

MALTSEV. A KUZYAKO 
SPK B O 

KASHAR. W ET AL 
DH B O 2 

RUSIN, A TATKVSKII 
SPK B O 2 

JOHNS. J 
DH B 20 

GALCHENKO. G KOHNl 
SPK B 20 2 

SOMMER. A WHITE. D 
SPK B 20 2 

SOMMER. A WHITE. D 
SPK B 20 3 

AKISHIN. P VILKOV 
SPK H 20 3 

SOMMER. A WHITE. I) 
COPT B 20 3 

MARKIN. E SOBOLEV. 
CPH B 20 3 

KRASOVITSKAYA, H K 
CPH B 20 3 

KRASOVITCHAYA. R M 
CPH B 20 3 

KRASOVITSKAYA. R K 
CRYS B 20 3 

MACKENZIE, J 
CRYS B 20 3 

MACKENZIE. J CLALS 
DH B 20 3 

BERKOWrrZ. J CHL’PK 
OH B 20 3 

GALCHENKO. G KORN I 
DH B 20 3 

ANON 

H B 20 3 

KRASOVITSKAYA. R K 
MSP B 20 3 

BERKOWI TZ. J CHUPK 
PHAS B 20 3 

GIELLISSE. P ROCKE 
PHAS B 20 3 

MACKENZIE. J CLAUS 
SPK B 20 3 

LOWRIE. R 
SPK B 20 3 

TATEVSKII, V KOPTE 
SPK B 20 3 

MALTSEV. A MATVEEV 
SPK B 20 3 

MALTSEV. A A TETEV 
THER B 20 3 

BERKOWITZ, J CHUPK 
VAP B 20 3 

HILDENBRAND. D HAL 
VAP B 20 3 

FIR80VA. L NESEMEY 
VAP B 20 3 

NESMEYANOV. A FIRS 
VAP B 20 3 

LOWRIE, R 
VAP B 20 3 

PIRSOVA. L NESMEYA 


61 

601696 

60 

301066 

68 

600702 

40 

300149 

60 

600694 

40 

600703 

62 

300666 

67 

300316 

61 

300403 

63 

202126 

62 

300816 

60 

700916 

63 

202141 

63 

202141 

62 

301167 

63 

202141 

61 

700688 

61 

700968 

61 

300196 

61 

300336 

61 

600882 

61 

700616 

69 

700893 

69 

300673 

61 

300228 

61 

700968 

69 

700893 

60 

601673 

61 

700616 

61 

700966 

61 

300364 

61 

300949 

61 

700604 

69 

700893 

93 

301470 

90 

200761 

90 

600632 

91 

700943 

90 

701004 
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VAP B 20 3 

NIKITIN. O AKISHIN 
VAP B 20 3 

GIELLISSE. P ROCKE 
ABAC B 60 

RIZZO. H SIMMONS 
TMIO B O SYST 

KROGH-MOE. J 
THCR B O SYST 

MARGRAVE. J 
SPK B O SYST 

GREENE. P 
VAP B O SYST 

FIRSOVA, L NESMEYA 
VAP B O SYST 

NESMEYANOV, A FIRS 
PHAS B O SYST 

NADOR. B 
•PK B O SYST 

MATVEEV. V MALTSEV 
6PK B O SYST 

KASKAN. W MACKENZl 
VAP B O SYST 

SCHICK. H ANTHROP 
VAP B O SYST 

SCHICK. H ANTHROP 
ABAC B O C SYST 

RENTZEPIS. P WHITE 
DH B O F SYST 

FARBER. M 
TMEA B O F SYST 

MAGEE. E 

MSP BOH SYST 

SHOLETTE, W PORTER 
PHAB BOH SYST 
ABRIKOSOV, N LIANG 
VAP BOH SYST 

WHITE, D WALSH. P 
VAP BOH SYST 

ABRIKOSOV. N LIANG 
MI6C B SI SYST 

COLTON, E 
MPP B SI SYST 

WILLIAMS. K 
ABAC B SI SYST 

COLTON, E 

CAVS B SI C SYST 

PORTNOI. K SAMSONO 
EAB6 B SI C SYST 

PORTNOI. K SAMSONO 
PHAS B SI C SYST 

PORTNOI, K I SAMSO 
PHAS B SI C SYST 

MEBRSON. G DERGL NO 
ABAC B SI C SYST 

SAMSONOV, G SOLON N 
8PK BA 

PENKIN. N SHABANOV 

CEMP BA B 6 

LAFFEHTY, J 
OH BA O 

HOLLOWAY. H 
OH BA O 

MAH. A 

E BA O 

LAGERQVIST. A HOLD 
PHAS BA O 

ROTH. R WARING. J 
abac BA O 

LEONOV 
VAP BA O 

NIKONOV. B P OTMAK 
VAP BA O 

METSON, G 
OHO BA OXIDES 

VEITS, I GURVICH 
TMIA BA OXIDES 

VEITS. I GURVICH. 




PHA6 

BA W O SYST 



62 

300064 

PURT, 

G 

?? 

3C;SS5 



616 

BE 



60 

601673 

WOHLL. M 

60 

700723 



616 

BE 



62 

601671 

ANON 


60 

700716 



AEV 

BE 



63 

301286 

SIEMS. P 

66 

301362 



616 

BE 



61 

301631 

GUILL, J WORONCOW 

66 

601680 



616 

BE 



61 

201367 

CARROLL. K 

60 

700662 



CEMP 

BE 



60 

201020 

CORNWELL, J 

61 

700667 



CPH 

BE 



60 

201010 

JOSHI. S MITRA, S 

60 

200767 



CPH 

BE 



60 

200036 

BEAVER. W OROURKE 

60 

700833 



CPH 

BE 



61 

300776 

KANTOR, P KRASOVIT 

60 

700606 



CPH 

BE 



61 

600700 

WALKER, B EWING. C 

62 

301060 



CPH 

BE 



63 

300004 

KANAZARVA, B PACKE 

08 

600620 



CPH 

BE 



62 

300006 

WILLIAMS, N N 

01 

700669 



CPL 

BE 



60 

300071 

JOSHI, S MITRA. S 

60 

200767 



CRV8 

BE 



62 

201616 

ANON 


61 

700632 



CRV6 

BE 



61 

201611 

BAKAK1N. V BELOV 

02 

201714 



CRY8 

BE 



63 

300008 

FOUNFELKER. R SIET 

62 

701086 



CTEX 

BE 



60 

300848 

BEAVER, W OROURKE 

60 

700633 



CTEX 

BE 



60 

300666 

MEYERHOFF, R SMITH 

62 

300809 



OH 

BE 



60 

300048 

GOLDSMITH, A HIRSC 

60 

700930 



ELCH 

BE 



61 

700600 

PROPIN, R 

61 

201031 



ERE8 

BE 



61 

300608 

MARTIN, A BUNCE, J 

02 

301076 



ERE8 

BE 



61 

700600 

BRIDGMAN. P 

61 

400633 



H 

BE 



60 

300144 

KANTOR, P KRASOVIT 

60 

700968 



KIN 

BE 



60 

300144 

GREGCa. • 

61 

201244 



MPP 

aE 



60 

300144 

KAUFMANN, A GORDON 

60 

600129 



PHA6 

BE 



61 

300373 

GOLDSMITH. A HIRSC 

60 

700930 



PHA8 

BE 



60 

200804 

PICKETT. J LEVINE 

62 

601687 



PHA6 

BE 



62 

601601 

PAINE. R CARRABINE 

60 

201197 



PHAO 

BE 



60 

400641 

AMONENKO, V IVANOV 

62 

301124 



PHAS 

BE 



62 

300626 

AMONENKO, V IVANOV 

61 

300636 



PHAO 

BE 



63 

202003 

MANNAS, D SMITH, J 

62 

201786 



PMCH 

BE 



64 

600661 

AMONENKO, V PAPIRO 

62 

300666 



REAC 

BE 



61 

201406 

HOOPER, E KEEN. N 

60 

200947 



REAC 

BE 



61 

301622 

BASCHE, M SHETKY 

60 

201132 



REAC 

BE 



61 

300264 

GREGG, S 

61 

201244 



REAC 

BE 



63 

301636 

GREGG, S 

61 

201133 



REAC 

BE 



66 

700064 

DARRAS, R 

02 

301433 



REAC 

BE 



66 

700064 

HIGGINS. J ANTILL 

62 

201606 
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REV BE «PK BE' F 2 


ANON 

63 

301307 


KUTYRKIN. V PEIZUL 

67 

201203 

REV BE 




CRYS BE MG 



WOHLL. M 

60 

701063 


BAKER, T 

62 

201613 

REV BE 




PHAS BE MO SYST 



HODGE. W 

61 

700660 


ARZHANYI. P 

69 

200622 

REV BE 




THER BE3N 2 



MOURET. P RIGAUD 

66 

201627 


SCHICK, H ANTHROP 

63 

301660 

SPK BE 




VAP BE3N 2 



CODLING. K 

61 

600776 


GREENBAUM. M YATES 

62 

301231 

SPK BE 




BIB BE O 



JOHANSSON, L 

62 

601624 


ANON 

61 

700926 

SPK BE 




CPH BE O 



SHKLVAREVSKIL I 

61 

201326 


VICTOR. A DOUGLAS 

63 

301372 

SURF BE 




REAC BE O 



EREMENKO. V NIZHEN 

60 

200821 


MURATOV. F NOVOSEL 

63 

301309 

TCON BE 




REAC BE O 



BEAVER. W OROURKE 

60 

700033 


KOMAREK, K COUCOUL 

63 

301269 

THER BE 




CPH BE O 



WILLIAMS. N N 

61 

700660 


GREENBAUM, M YATES 

62 

301231 

THER BE 




THER BE O 



BARRIAULT. R DREIK 

62 

300066 


BLAUER. J GRKENBAU 

63 

301190 

THER BE 




CPH BE O 



CHERKASKIN. Y GLAD 

67 

301107 


KANDYBA, V KANTOR 

60 

700893 

TRT BE 




CPH BE O 



GELLES, S PICKETT 

60 

600667 


WALKER. B EWING. C 

62 

301098 

VAP BE 




CRYS BE O 



FRANZEN. J HINTENB 

61 

700070 


AUSTERMAN, S 

63 

201996 

VAP BE 




MPP HE O 



GOLDSMITH. A HIRSC 

60 

700030 


ROTHMANN. A 

62 

202122 

VAP BE 




CPH BE O 



HANLIN. H 

60 

700061 


KANDYBA. V V KANTO 

60 

700633 

VAP BE 




CPH BE O 



NIKITIN, O GOROKHO 

61 

700602 


MAGNUS. A DANZ. H 

26 

700660 

PHAS BE B 




CPL BE O 



MARKEVICH. G MARKO 

60 

201316 


ASLANIAN. J CAILLA 

61 

201193 

REAC BE B 2 




CRTS BE O 



MARKOVSKII. L 

62 

301630 


BUDNIKOV. P DELYAE 

60 

701043 

REAC BE B 2 




CRYS BE 0 



MARKEVICH. G MARKO 

60 

700037 


MILLER. K 

60 

700962 

CRTS BE B 12 




CRYS BE O 



8ECHER. H 

60 

201 12S 


KULESHOV. I SADIKO 

62 

300770 

SPK BE2 




CRYS BE O 



HAMPSON. R DOOLING 

60 

201763 


BUDNIKOV, P SHISHK 

61 

300470 

REAC BE4B 




CRYS BE O 



BECHER. H SCHAEFER 

62 

301406 


SMITH. D CLINE. C 

62 

701073 

CRTS BE6B 




CRYS BE O 



MARKEVICH. G KONDR 

60 

S00S30 

. 

AUSTERMAN, S 

62 

701072 

CRTS BE B SYST 




CRYS BE O 



SANDS. DECLINE 

61 

700666 


AUSTERMAN. S BELIN 

63 

301127 

PHAS BE B SYST 




CRYS BE O 



HOENING. C CLINE. 

61 

700601 


BELLAMY. B BAKER 

62 

201930 

REAC BE B SYST 




CTIX BE O 



MARKEVICH. G MARKO 

61 

700017 


MILLER, K 

60 

700962 

PHAS BE B O SYST 




OP BE O 



RASE. D 

60 

600672 


BUDNIKOV. P DEI.YAE 

60 

701043 

REAC BE2C 




DH BE O 



MARKOVSKII. L 

62 

301630 


BUDNIKOV. P DELYAE 

60 

701043 

THER BE2C 




OH BE O 



SCHICK. H ANTHROP 

63 

301670 


SMIRNOV. M ( HUKREE 

68 

700623 

THER BE2C 




ERE8 BE O 



MURATOV, F NOVOSEL 

62 

601602 


BUDNIKOV. P DEI.YAE 

60 

701043 

ZKP BE2C 




H BE O 



MURATOV. F S NOVOS 

60 

300162 


BUDNIKOV, P DELYAP: 

60 

701043 

CRTS BE CA 




H BE O 



BAKER. T 

62 

201613 


RODIGINA. E GOMKUS 

61 

700966 

OH BE CL2 




H BE O 



THOMPSON. C SINKE 

62 

201017 


KANDYBA. V KANTOR 

60 

700893 

MPP BE COMPOUNDS 




KIN BE O 



SHUBERT, J 

60 

701036 


NAKATA. M 

60 

200866 

REAC BE COMPOUNDS 




MISC BE O 



SHUBERT, J 

SO 

701036 


BKNTLE. G 

62 

301130 

PHAS BE C SYST 




MPP BE O 



MURATOV. F NOVOSEL 

61 

300771 


RILEY, W MCCLELLAN 

62 

301080 

REAC BE F 2 




MPP BE O 



EVSTYUKHIN. A 

SO 

200S62 


BUDNIKOV, P DELYAE 

60 

701043 

SPK BE F 2 




MPP HE O 


700716 

OBUKHOV-DENISOV. V 

60 

200012 


ANON 

61 
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MPP BE O 

GUZMAN, I POLYBOYA 
MPP BE O 

AUSTERMAN, S 
PHAS BE O 

ANON 

PHAS BE O 

BAKER, T BALIXK'K, 
PHAS BE () 

BUDNIKOV, P DELYAK 
PHAS BE O 

MASSAZZA. K 
PHAS BE O 

SMITH, D CLINE. C 
PHAS BE O 

AUSTERMAN. S 
RSAC BE O 

AUSTERMAN. S 
REAC BE Q 

EDWARDS. P HAPPEL 
SPfi BE O 

DURIG, J LORD, C 
REV BE O 

CHERON, T 
RCV BE O 

BUDNIKOV, P DELYAE 
SPK BE O 

THRUSH. B 
SPK BE O 

PARKINvSON, W NICHO 
SPK BE O 

VEITS. 1 GURVICH 
TCOH rii: O 

BUDNIKOV. P DELYAE 
TCON BE O 

ADAMS. M 
THCR BE O 

KANDYBA. V V KANTO 
THER BE O 

BUDNIKOV. P DELYAE 
THCR BE O 

BELYKH. L NESMEYAN 
THER HE O 

ANON 

THER BE O 

BARRIAULT, R DREIK 
VAP BE O 

BUDNIKOV, P DELYAE 
VAP BE O 

BELYKH, L NESMEYAN 
VAP BE O 

SEMENENKO. K KURDY 
VAP BE O 

FIRSOVA. L NESMEYA 
VAP BE O 

FIRSOVA. L NESEMEY 
PHAS BE203 

GIELISSE, P 
CEMP BE OXIDES 

PALGUEV. S NECEIMI 
VAP BE OXIDES 

NESMEYANOV. A FIRS 
VAP BE OXIDES 

FIRSOVA. L NESMEYA 
REAC BE O SYST 
GREGG. S HUSSEY. R 
REAC BE O SI SYST 

SUPOVA. fi KELER. E 
PHAS BE TI O SYST 

8HCHEPOCHKINA.N 
THER BIMETALLICS 

FASOLINO. L 
TMIO BINARY 

GIESSEN. B GRANT 
TMER binary SYST 

VECHER. A GERASIMO 
VAP BINARY SYST 

YARYM-AGAEV. N KOO 


62 

300894 

61 

201320 

61 

700716 

62 

300641 

60 

701043 

61 

201293 

e? 

701073 

62 

701072 

63 

'301400 

02 

301136 

62 

201969 

61 

301429 

60 

701043 

60 

200961 

69 

600612 

67 

600899 

60 

701043 

64 

600961 

60 

700633 

60 

701043 

69 

700918 

61 

700716 

62 

300866 

60 

701043 

69 

700918 

61 

300838 

60 

701004 

60 

200761 

62 

201740 

62 

201717 

59 

201016 

60 

201020 

60 

200670 

60 

201673 

66 

200968 

63 

301216 

63 

301226 

63 

202161 

62 

300700 


THEO BOILING TEMP 


RICHARDSON, D 38 

THEO BOND ENERGY 

JAFFEE. H ZUNG. V SI 

THER BONDING 

SEIGEL. B 63 

THEO BONDS 

SEIGEL. S SEIGEL 63 

BOOK BONDS 

MORTIMER, C 63 

THEO BONDS 

DURAKOV, V BATSANO 61 

REV BOOK 

BUNDY, F STRONG, H 62 

THER BOOK 

SCHMIDT, E 60 

THER BOOK 

SUSHKOV.V CO 

THER BOOK 

GERA.SIMOV, YA KRES 60 

CRTS BORIDES 

ARONSSON. B STENBE 69 

REAC BORIDES 

KOVALCHENKO. M SAM 60 

REAC BORIDES 

MEYERSON.G 66 

REV BORIDES 

ARONSSON, B 61 

TCOP- BORIDES 

LVOV S 61 

THEO BORIDES 

BURG. A 60 

THEO BORIDES 

ROBINS. D 60 

THER BORIDES 

MEYERSON.G 66 

DH BORIDES 

WILSON. F 
CEMP BORIDES 

GOODMAN, P HOMONOF 61 

CEMP BORIDES 

SCLAR.N 61 

DH BORIDES 

MASLOV. P 63 

CEMP BORIDES 

SILVER, A KUSHIDA 63 

CRTS BORIDES 

stern D MCKENNA 60 

CRY8 BORIDES 

MELINCHKOV, O POVI 62 

CRYf BORIDES 

SAMSONOV, G VAINSH 62 

CTEX BORIDES 

ZHURAVLEV, N STEPA 61 

DHD BORIDES 

SHULISHOVA. O 62 

MPP BORIDES 

VAHLDIEK, F MERSOL 
MPP BORIDES 

MARKOVSKll, L KOND 67 

MPP BORIDES 

MORDIKE, B 60 

PHAS BORIDES 

STADELMAIER. H YUN 62 

PHAS BORIDES 

PORTNOY. K SO 

REAC BORIDES 

LYUTAYA, M NAZARCH 61 

REAC BORIDES 

LAFFERTY. J SI 

REV BORIDES 

EICK, H ST 

MPP BORIDES 

THOMPSON. R 63 

ERES BORIDES 

SAMSONOV,, G PADERN S2 

REAC BORIDES 

MARKOVSKll. L S3 


700S1 7 
301480 
301380 
301 36S 
301307 
3007S3 
201719 
200814 
200816 
300207 
201388 
201044 
30087 T 
700686 
300937 
300418 
600624 
301122 
300309 
301460 
300682 
202099 
300987 
200830 
300947 
300628 
201272 
301687 
301607 
300941 
300803 
301694 
700944 
30MM 
48m48 
M1439 
202148 
202127 
202088 
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MPP BORIDES 



PHAB C 



LVOV. S NEMCHENKO 

63 

202060 

STRONG. H 

61 

301669 

REAC BORIDES 



REAC C 



HOYT. E W CHORNB 

60 

300246 

ENGELKE. J HALDEN 

60 

201626 

MISC BORIDES 



BPK C 



STRASHINSKAYA. L 

62 

201760 

COLLIGAN, G GALASS 

61 

600860 

MPP BORIDES 



BPK C 



FITZGERALD, L 

63 

301217 

PUGH. H LEES. J B 

61 

600842 

REV BORIDES 



BPK C 



EMRICH.B 

62 

301182 

LOWRIE. R 

62 

601666 

TSER BORIDES 



BPK C 



OLIVER. R BAIER. R 

63 

301314 

PILCHER. G SKINNER 

62 

301044 

PHAS BORIDES 



TCON C 



GORELIK. S ELYVTIN 

62 

201647 

RASOR. N MCCLELLAN 

60 

700664 

REAC BORIDES 



TCON C 



MARKOVSKII. L VEKS 

62 

201 6B6 

RASOR. N MCCLELLAN 

60 

700666 

RPK BORIDES 



TCON C 



MiXHALOB. B SHCHEG 

62 

600213 

GUMENYUK, V LEBEDE 

61 

700663 

CRY8 BORIDES PT METALS 


THEO C 



ARONSSON. B RUNDQV 


600604 

CROWELL. A 

52 

300701 




THER C 






RASOR. N MCCLELLAN 

60 

200660 




THER C 



c 



WILLIAMS, N N 

61 

700666 




THER C 






BARRIAULT. R DREIK 

62 

300866 

VAP C 



VAP C 



BAUN. W HODGSON. F 

63 

202000 

COLLIGAN. G GALASS 

61 

600860 

CRYS C 



VAP C 



AUST. R DRICKAMER 

63 

301176 

DAVIS. A 

60 

600880 

THER C 



VAP C 



ACKERMANN. R THORN 

68 

601206 

DOERNENBURG. E HIN 

61 

700864 

BIB C 



VAP C 



NIGHTINGALE. R 

62 

701071 

KRIEGER, K 

62 

300931 

BIB C 



VAP C 



CHEN. M 

62 

301426 

LOWRIE. R 

62 

601696 

CEMP C 



DHO C 2 



SAMSONOV. G NESHPO 

66 

201062 

BREWER. L HICKS, W 

62 

300813 

CEMP C 



DHO C 2 



Gl’MENYUK. V LEBEDE 

61 

700663 

BREWER. L HICKS. W 

62 

300813 

CPH C 



BPK C 2 



RASOR. N MCCLELLAN 

60 

700664 

STEELE. D 

63 

301696 

CPH C 



BPK C 2 



VICTOR. A 

62 

300666 

LOWRIE. R 

62 

601696 

CPH C 



VAP C 2 



RASOR, N MCCLELLAN 

60 

700B66 

BREWER. L HICKS. W 

62 

300813 

CPH C 



VAP C 2 



LUCKS. C DEEM. H 

60 

601661 

BREWER. L HICKS, W 

62 

300813 

CPH C 



VAP C 2 



WILLIAMS. N N 

6i 

/ vOC v3 

LOWRIE. R 

62 

601696 

CRYB C 



E C 3 



NIGHTINGALE, R 

62 

701071 

GOUPIL. R 

63 

600684 

CTEX C 



REAC C 3 



RASOR. N MCCLELLAN 

CO 

7006B4 

CABANNES. F 

66 

300827 

DH C 



BPK C 3 



BAKER. C KELLY. A 

62 

300624 

CABANNES, F 

66 

301121 

OH C 



6PX C 3 



DAVIS. A 

60 

600680 

BREWER. L ENGELKE 

62 

300797 

O.HD C 



BPK C 3 



LINDHOLN. E 

64 

600714 

CLEMENTI. E MCLEAN 

62 

300814 

OHT C 



BPK C 3 



BUNDY, F 

63 

300666 

BREWER. L ENGELKE 

62 

300767 

OHT C 



BPK C 3 



TITOVA, V FUTERG 

62 

301040 

DORNENBURG. E HINT 

61 

300467 

EREB C 



VAP C 3 



COHAN. N PUGH. D 

63 

301431 

SHPILRAYN. E ASINO 

62 

300667 

EREB C 



BPK C 4 



GUMENYUK, V LEBEDE 

61 

700653 

CLEMENTI. E 

61 

300616 

MPP C 



DH C N 



RASOR, N MCCLELLAN 

60 

700666 

BERKOWITZ. J 

62 

301407 

MPP C 



3RK C N 



KLEIN, C 

62 

300616 

MOORF:. C BROIDA, H 

67 

600667 

PHAB C 



BPK C N 



BUNDY, F 

62 

300B64 

KIB8S. C 

46 

6006B6 

PHAB C 



BPK C N 



FUNKE. V NOVIKOVA 

62 

201704 

DOUGLAS. A ROUTLEY 

64 

6006B2 

PHAB C 



BPK C N 



NIGHTINGALE, R 

62 

701071 

DOUGLAS. A 

66 

600676 
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SPK C N 


CARROLL. P 

56 

000677 

8PK C N 

PANNETIER. O MARSl 

61 

600861 

OHD C O 

BRACKETT. T 

se 

600706 

DHD C O 

DOUGLAS. A MOLLER 

56 

600708 

DHD C O 

HOWELL. H 

49 

600712 

DHD « CO 

TOENNIES. J GREENE 

57 

600600 

SPK C O 

LOEWENSTEIN. E 

60 

600910 

DHD C O 

LINDHOLN. E 

54 

600714 

E C O 

TOBIAS. I FALLON 

60 

000666 

E (" O 

KOSENBLUM. B NETHE 

67 

600723 

MPP C O 

ROSEN BLUM. B NETHE 

58 

600724 

SPK C O 

HERZBERG. HUGO. T 

56 

600711 

SPK C O 

GOLDBERG, L MULLER 

63 

600710 

SPK C O 

BURRUS. C 

68 

600707 

SPK C O 

BEDARD. F GALLAGHE 

63 

600706 

SPK C O 

BARROW. R (HiATZER 

66 

600704 

SPK O 

RANK. D EASTMAN. D 

61 

600830 

SPK r o 

BARROW. K 

61 

600777 

SPK C O 

MILLS. 1 THOMPSON 

S3 

600716 

SPK (' O 

KISHKO. S 

60 

300796 

SPK r o 

ON AKA. R 

67 

600/16 

SPK (' O 

PALIK. E RAO. K 

66 

600717 

SPK C" O 

PLYLER. E ALLEN. N 

68 

600718 

SPK C' O 

PLYLER, E BENEDICT 

62 

600719 

SPK C O 

PLYLER, E BLAINE 

66 

600721 

SPK C O 

RANK. O GUENTHER 

67 

600722 

SPK C’ O 

SUN, N W^EISSLER, E 

66 

600726 

SPK C O 

TANAKA. Y JURAA. A 

67 

600726 

SPK C O 

MCCULLOH. K C'.LOCKL 

63 

600727 

SPK C O 2 

SUN. N WEISSLER, E 

66 

600726 

SPK C O SYST 

KNIPE. R GORDON, A 

66 

600713 

KIN C O SYST 

GULBRANSEN. E 

63 

301466 

MPP C N! CO SYST 

YASUSHI KOJIMA SAN 

61 

300189 

CPH C A 

FAV8TOVA. D IPPOLI 

61 

201613 

PHA« CA 

BEREZHNOl. A KORDY 

62 

201663 

NEAC CA 

GREGG, S JEPSON. W 

61 

201062 

RCAC CA 

NORMAN. J 

60 

200868 

REAC CA 

KHLEBNIKOV, G SIMA 

61 

20162B 

•PK CA 

CODLING. K 

01 

60077S 


VAP CA 


KOCHEROV, P GELD 

60 

300402 

CCMP CA B 6 

LAFFKRTY. J 

60 

400S41 

CEMP CA B 6 

JOHNSON. R DAANE 

63 

301489 

CTEX CARBIDES 

KRIKORIAN. N WALLA 

63 

202083 

CEMP CARBIDES 

BONDARENKO. B ERMA 

62 

202007 

CEMP CARBIDES 

GOODMAN. P HQMO.NOF 

CEMP carbiot:s 

KUBASCHENSKI. O 

61 

301480 

66 

801842 

THER CARBIDES 

OLIVER. R BAIER. R 

63 

301314 

MPP CARBIDES 

FITZGERALD, L 

63 

301217 

CPH CARBIDES 

KRIKORIAN, O 

62 

301 1 1 1 

CRYS CARBIDES 

EPPRECHT. W 

61 

301109 

CRYS CARBIDES 

ATOJI. M 

61 

701070 

CRYS CARBIDES 

ATOJI. M 

62 

201983 

CRYS CARBIDES 

KOVAI-SKII. A 

69 

201131 

CTEX CARBIDES 

BELIKOV. A 

60 

201066 

OF (ARBIDES 

ANON 

64 

400618 

MI8C CARBIDES 

STRASHINSKAYA, L 

62 

201790 

MPP CARBIDES 

MORDIKE. B 

60 

300603 

PHAS CARBIDES 

KOVALSKII. A 

69 

201131 

PHAS CARBIDES 

GORELIK. S ELYVTIN 

62 

201947 

REAC CARBIDES 

SAMSONOV. G YASINK 

61 

100180 

REAC CARBIDES 

SAMSONOV, G lASINS 

61 

300340 

REAC CARBIDES 

KOPYLOVA, V 

61 

201306 

SPK CARBIDES 

BELIKOV. A 

60 

201066 

SURF ' RBIDES 

ZADUMK'.' . S 

61 

201849 

TCON CARBIDES 

RUDY. E BENESOVSKY 

60 

200808 

TCON CARBIDES 

LVOV, S 

61 

300937 

>HEO CARBIDES 

ROBINS, D 

60 

600624 

THER CARBIDES 

KUBASCHENSKI, O 

66 

601842 

THER CARBIDES 

KUTSEV, V 

62 

300368 

CRYS CA C 2 

ZELDES, H LIVINGST 

61 

700971 

CRYS CA C 2 

VANNERBERG, N 

61 

201300 

CRYS CA C ^ 

VANNERBERG. N 

62 

300698 

CRYS CA C 2 

ATOJL M MEDRUD, R 

69 

801210 

CRYS CA C 2 

ATOJL M 

61 

700884 

CRYS CA C 2 

TAGAWA. H FUJIMORI 

SO 

201378 

CRYS CA C 2 

BREDIG. M 

61 

201323 

KIN CA C 2 

TAGAWA. H SUGAWARA 

62 

201838 

TRT CA C 2 

JUZA. R SCHUSTER 

61 

800840 
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CPH CA F 2 

JOSHI.SMITRA, S 60 200767 

CPL CA F 2 

JOSHI.SMITHA.S 60 200767 

TOON CA F 2 

SLACK, G 61 201126 

PHAS CA MN SI O SYST 

GLASSEH, F 62 201741 

6MF CA O 

BENZ. K WAGNKR, C 61 700640 

PHAS CA O 

COCCO, A 09 201168 

TMER CA O 

SCHICK. H ANTHROP 62 300996 

TRT CA O 

SCHNEIDER, S 63 301348 

REAC CA O 

RYABCHIKOV. [ MIKU 62 301336 

VAP CA O 

BABELIOWSK Y, T HOE 63 301 1 79 

VAP CA O 

BABELIOWSKY. T 63 301178 

VAP CA O 

BABELIOWSKY. T BOE 62 301128 

E CA O 

LAGERQVIST. A HOLD 64 600681 

ERES CA O 

COCCO. A BARBARIOL 62 301430 

MI8C CA O 

LADD. M LEE. W 80 201322 

MSP CA O 

BABELIOWSKY. T 62 301403 

MSP CA O 

BABELIOWSKY. T BOE 62 301128 

PHAS CA O 

COCCO, A VIRDIS. P 61 201316 

PHAS CA O 

JUZA, R SCHUSTER 61 600840 

PHAS CA O 

BRCIC, B GOLIC, L 62 201636 

PHAS CA O 

BAKER. E BUTLER. J 62 201794 

REAC CA O 

LEONOV. A 61 301622 

8PK CA O 

ORTENBERG. F 61 300796 

SPK CA O 

ROSEN. B WENIGER 62 301661 

SPK CA O 

LAGERQVIST, A 64 600883 

SPK CA O 

HULDT, L LAGERQVIS 66 600893 

SPK CA O 

HULDT, L LAGERQVIS 66 600894 

SPK CA O 

HULTIN, M LAGERQVI 61 600898 

SPK CA O 

VEITS. 1 GURVICH 67 600899 

SPK CA O 

GAYDON.A 66 600900 

SPK CA O 

LAGERQVIST, A 63 600926 

VAP CA O 

METSON.G 63 301636 

CPH CALORIMETRY 

WELTY.J WICKS. C 62 301619 

CPH CALORIMETRY 

WITTIG.F 61 301624 

OH CALORIMETRY 

KOLESOV, V ZENKOV 62 300766 

OH CALORIMETRY 

VASILEV, Y SOBOLEV 62 300787 

OH CALORIMETRY 

KOSOV, N RIVIN, O 61 400690 

THEO CALORIMETRY 

SEMIKIN. 1 KOSTOGR 61 900223 

THEO CALORIMETRY 

BARNER, J 63 301181 


THEO CALORIMETRY 

DENCE, W 63 301211 

CPH CALORIMETRY 

MITKINA, E 62 301306 

THER CALORIMETRY 

SKURATOV. S M 61 300261 

OH CA COMPOUNDS 

SHCHUKAREV, S MORO 62 300698 

CEMP CA O SYST 

PALGUEV, S NECEIMl 62 201717 

OHO CA O SYST 

VEITS, I GURVICH 66 700964 

THER CA O SYST 

VEITS, I GURVICH. 66 700964 

PHAS CA O NB SYST 

IBRAHIM. M NORMAN 62 201876 

EMF CA SI O SYST 

BENZ. R WAGNER, C 61 700640 

MPP CB C 

NORTON, J MOWRY, A 49 300167 

CRY8 CD 

LAWLEY. A 60 200801 

CPH CE 

ARAJS, S COLVIN. R 82 300761 

CPH CE 

ARAJS, S COLVIN, R 62 301078 

CPH CE 

KOENIGSBERG, E KEL 63 601002 

CPH CE 

SPEDDINCr, F MILLER 61 601241 

CPH CE 

JAECIER, F BOTTEMA 36 900102 

CPL CE 

WILKINSON. M CHILD 61 601412 

CPL CE 

GOODMAN. B 62 100208 

CPL CE 

PARKINSON. D H SIM 61 400667 

CTEX CE 

ANDRES. K 63 301172 

CPL CE 

PARKINSON. D HOBER 67 601161 

CRTS CE 

SCHUCH. A STL’RDNAN 60 400618 

CRTS CE 

WEINER. R RAYNOR 69 200871 

CRTS CE 

MCHARGUE. C YAKEL 60 600646 

CTEX CE 

DASHKOVSKII. A SAV 61 201866 

OHT CE 

CAVALLERO, U 43 700896 

OHT CE 

KOVIMA. T KIKUCHI 63 100183 

ERES CE 

JAEGER, F BOTTEMA 36 900102 

ERES CE 

efAMES, N LEGNOLD 62 100206 

ERES CE 

BRIDGMAN, P 61 400633 

ERES CE 

SPEDDING, F DAANE 67 601066 

ERES C E 

GOODMAN, B 62 100208 

H CE 

SPEDDING. F MILLER 61 601241 

MPP CE 

IONOV, N MITTSEV 61 601411 

PHAS CE 

WERNER. R RAYNOR 69 601369 

PHAS CE 

WILKINSON, M CHILD 81 801412 

PHAS CB 

KOVIMA, T KIKUCHI 63 100183 

PHAS CE 

SPEDDING, F DAANE S7 801086 

PHAS CE 

LIVSHITS. LG ENSH A 82 301624 
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PHAt CE 

UKHTER, A 
PHAA CE 

UKHTER,A RYUBININ 
PHAS CE 

BEECROFT, R SWENSO 
PHAS CE 

GONIKBERG. M SHAKH 
PHAS CE 

COLVIN, R ARAJS. S 
PHAS CE 

SPEDDING, F DAANE 
PHAS CE 

VOGEL, R 
PHAS CE 

CUBICIOTTI. D 
PHAS CE 

TROMBE, F FOEX. M 
PHAS CR 

ROLLA, L lANDELLI 
REAC CE 

LOKIRRS, J 
RHO CE 

EICHELBERGRR, J 
8PK CE 

GARSTANG, R 
8PK CE 

BRIX, P FRANK, H 
SPK CR 

SMITH, K SPALDING 
SPK CR 

SCHWARZSCHILD, M 
SPK CE 

BURBRIDGK, E BURBR 
SPK cE 

MURAKAWA, K ROSS 
SPK CE 

GRATTON, L 
THER CE 

PARKINSON, D H SIM 
THER CE 

SPEDDING, F H MCKE 
THER CE 

SCHICK. H ANTHROP 
TRT CE 

TROMBE, F FOEX, M 
TRT CE 

ROCHER, Y 
TRT CE 

JAEGER, F BOTTEMA 
TRT CE 

GSCHNEIDER, K ELLl 

TRT c:e 

ROLLA, L lANDELLI 
TRT CE 

CUBICIOTTI. D 
TRT CE 

GSCHNEIDNEK. K ELL 
TRT CE 

KOVIMA.TKIKUCHI 
TRT CE 

VOGEL, R 
VAP CE 

BEAVIS. L 

SEV CERAMICS 

RAMKE, W LATVA. J 
REV CERAMICS 

RYSHKEWITCH. E 
SOOK CERAMICS 
KINGIRY, W 
CRVS CE B 4 

ZALKIN, A TEMPELTO 
CtMP CE B 6 

SAMSONOV, G PADERN 
CtMP CE B 6 

LAFFERTY, J 
COPT CE B 6 

TSAREV, B ILLARION 


S7 

601492 

ss 

601072 

60 

600660 

S7 

601064 

61 

600876 

67 

700672 

17 

000106 

49 

9001 04 

44 

900118 

43 

000103 

49 

400642 

61 

601420 

62 

100207 

60 

400626 

62 

300777 

67 

601047 

66 

601003 

61 

400666 

62 

400667 

61 

400667 

60 

700670 

62 

300996 

44 

900118 

62 

301669 

36 

900102 

61 

202046 

43 

900103 

40 

900104 

62 

301464 

93 

^00163 

17 

900106 

60 

600669 

63 

202121 

63 

301336 

60 

301263 

63 

100166 

6S 

300143 

60 

400641 

63 

301 96S 


CATS CE B ^ 

ZHDANOV. G ZHURAVL 
EStS CE B 6 

PADERNO, Y SAM80N0 
SPK CE B 6 

TRONEVA. N MARCHUK 
OP CE C 

DANCY. E EVERETT 
THER CE CL2. 

SENDEROFF, 8 MELLO 
THER CE CL3 
WALDEN. G SMITH, D 
VAP CE CL3 

NOVIKOV, G BAEV, A 
SPK CE2 

BURBRIDGE, G BURBR 
SPK CE2 

ARROE, H 

OP CE C SY8T 

MCCABE, C 
PHAS CE C SYST 
WARF. J PALENIK, G 
THER CE F 3 
WESTRUM. E BEALE 
REAC CE N 

SAMSONOV. G LYUTAY 
ERE8 CE N 

DIDCHENKO, R GORTS 
MPP CE N 

SAMSONOV, G LYUTAY 
CRTS CE N SYST 

ANON 

CRVS CE N SYST 

lANDELLI. A 

ERES ( E N SYST 

DAOU, J 

PHAS CE N SYST 

EYRING, L SCHULDT 
VAP CE O 

KULVARSHAYA. B MAS 
PHAS CE O 

EYRING. L HOLWBERG 
THER CE O 

SCHICK, H ANTHROP 
CPH CE O 2 

KUZNETZOV, F A REZ 
CPL CE O 2 

WESTRUM, E BEALE 
CPL 'E O 2 

WESTRUM. E BEALE 
DH E O 2 

MUTHMANN, W WEISS 
DH CE O 2 

HIRSCH, A 
ERES CE O 2 

KEVANE, C 
H CE O 2 

KING, E CHRISTENSE 
PHAS CE O 2 

BRUNO, M 
S CE O 2 

KING. E CHRISTENSE 
SPK CE O 2 

TRONEVA, N MARCHUK 
THER CE O 2 

WESTRITM, E BEALE 
CPH CE20 3 

PANKRATZ, L KELLEY 

CPH CE20 3 

KUZNETSOVA. F A RE 
CPL CE20 3 

WELLER, W KING. E 
CPL CE20 3 

WESTRUM. E BEALE 
DH CE20 3 

HUBER. E HOLLEY, C 
OH CE20 3 

MAH. A 


97 

9010S1 

91 

301072 

68 

601 167 

62 

300S7S 

SI 

200630 

SI 

201414 

62 

300SSS 

64 

SOOS27 

64 

SOOSSS 

SO 

soosas 

SO 

SOOS3S 

ss 

SOOS2S 

S3 

301340 


301 436 

62 

301672 

SI 

601376 

37 

601276 

60 

600616 

69 

600634 

60 

301064 

62 

601690 

62 

300996 

60 

700637 

61 

300360 

69 

600629 

04 

800144 

1 1 

900097 

62 

601467 

61 

600826 

60 

601366 

61 

600826 

66 

601167 

59 

600629 

63 

301649 

61 

700600 

63 

301617 

61 

300360 

63 

600963 

61 

6006SS 


2-705 



OH CE20 3 



BIB CR 



KUZNETSOV. F REZUK 

60 


WOHLL, M 

SO 

700723 

CRVS CE20 3 



CPH CR 



COURTEL. R LORIERS 

SO 

400B19 

KRENTSIS, R P 

61 

300196 

CRVS CE20 3 



CPH CR 



HONIG. J 

SB 

601631 

KRAUSS, F 

68 

700647 

CRES CE20 3 



CPH CR 



HONIG. J 

SB 

601631 

JOHNSON. R 

60 

301486 

PHAS CE20 3 



CPL CR 



BRUNO. M 

SO 

601386 

BEAUMONT. H CHIHAR 

SO 

200960 

PHAS CE20 3 



TRT CR 



HONIG. J 

S8 

601631 

ALLEN, B MAKKUTH 

03 

301189 

REAC CE20 3 



PHAS CR 



LEONOV. A RUDENKO 

62 

301621 

GRIGORYEV. A SOKOL 

SI 

301234 

REV CE20 3 



TRT CR 



HONIG. J 

S8 

601631 

WYDER. W HOCH. M 

63 

301383 

8PK CE OXIDES 



CPL CR 



BRAIDER. G GINGERIC 

60 

300669 

DEWAR, J 

13 

70001 1 

REV CE OXIDES 



CPL CR 



HONIG, J 

66 

600827 

CLUSUIS, K FHANYOS 

62 

301061 

THER CE O SYST 



CPL CR 



KUZNETSOV, F BELYI 

61 

300666 

RICHARDS. T JACKSO 

10 

700666 

MI8C CE O SYST 



CRVS CR 



LORIERS. J 

46 

400642 

GRIGOREV. A SOKOLO 

61 

600663 

OH CE O SYST 



CTEX CR 



BRAUER. K GINGERIC 

60 

300416 

VASYUTINSKII. B KA 

61 

201416 

OH CE O SYST 



ERES CR 



WALSH. P N DEVER. 

61 

700642 

BRIDGMAN. P 

61 

400633 

PHAS CE O SYST 



ERES CR 



EYRING. L SCHULDT 

69 

600634 

MARCINKOWSKI. M LI 

61 

600861 

PHAS CE O SYST 



PHAS CR 



BRAVER. G GINGERLI 

67 

600668 

EDWARDS, A 

60 

200948 

VAP CB O SYST 



PHAS f’R 



BRAUER. K GINGERIC 

60 

300416 

GRIGOREV. A SOKOLO 

61 

700620 

REAC CE SR O SYST 



PHAS CR 



KELER. E GODINA. N 

67 

600866 

MORIN. J 

62 

601671 

ERES CE ZR O SYST 



REAC CR 



PALGUEV, S VOLCHEN 

60 

201074 

DEI TSCH. N ERVIN 

60 

600123 

BIB CHEMISTRY 



REAC CR 



HESLOP. R ROBINSON 

62 

301026 

SILCOX. N DILLON 

61 

201734 

HEV CHEMISTRY 



REV CR 



MARGRAVE. J 

62 

300472 

WOHLL. M 

60 

701063 

REV CHEMISTRY 



8PK C’R 



DROWART, J GOLDFIN 

62 

20191 7 

rosenzwek;. n port 

60 

700996 

THEO CHEMISTRY 



SPK CR 



HIRSCHFELDER. J 

69 

301474 

BONNELLE. C 

62 

201764 

OHO CHLORIDES 



SPK CR 



FEBER. R 

63 

301446 

iNEMNONOV. S MKNSHI 

60 

200977 

PHAS CO 



THEO CR 



FUNKE, V NOVIKOVA 

62 

201 704 

ROSENZWEU;, N PORT 

60 

700996 

VAP CO 



THEO (’R 



SAXER, R 

63 

301676 

ROSEN ZWEIG. N PORT 

60 

700901 

VAP CO 



TRT CR 



VINTAIKIN. E TOMAS 

61 

300462 

SVECHNIKOV. V 

63 

301601 

TCOW CO F 2 



TRT CR 



SLACK. G 

61 

201126 

GRIGOREV. A SOKDOV 

61 

201437 

PHAS CO MO 



VAP CR 



FORSYTH. J DALTE 

62 

201 713 

CANO, G 

62 

301423 

CEMP COMPOUNDS 



VAP CR 



SAMSONOV, G SINELN 

62 

201968 

GIJLBRANSEN. E ANDR 

61 

301074 

CRVS COMPOUNDS 



VAP CR 



GLADISHEVSKH. E 

61 

201880 

GULLBRANSEN. E AND 

61 

300466 

REAC COMPOUNDS 



VAP CR 



NESPHOR. V 

68 

200896 

HANLIN, H 

60 

700961 

OK COMPOUNDS 



VAP CR 



MAKSIMOVA. I 

62 

202094 

AMONENKO. V KRUGLY 

61 

300469 

REAC COMPOUNDS 



VAP CR 



PAINE. R STONEHOUS 

60 

201631 

IGNATOV, D LEBEDEV 

61 

301041 

OHO COMPOUNDS 



VAP CR 



BRADY, P 

60 

301412 

MIKHAILOV. G PRONI 

6t 

300469 

THEO COMPOUNDS 



CRVS CR B 



DROZIN. N 

61 

300634 

MALINCHKOV. O POVI 

62 

300948 

THER CO P + 



H CR B 



ORIANI, R MURPHY 

62 

201864 

MEZAKI. R TILLEUX 

62 

601617 

PHAS CO TA 



REAC CR B 



DRAGSDORE. R FORGE 

62 

201712 

MARKOVSKIl. L 

62 

301630 

ERES CO W C SYST 



S CR B 



FUNKE. V SHURSHAKO 

61 

301463 

MEZAKI, R TILLEUX 

62 

601617 
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MPP CR B 2 


MALYUCHKOV. O POVI 
CPH CR B 2 

62 

202006 

KRESTOVNIKOV. A VE 

OF CR B 2 

60 

300672 

KRESTOVNIKOV. A VE 

H CR B 2 

60 

300672 

MEZAKI. R TILLEUX 

MPP CR B 2 

02 

601617 

SHCHERBAKOV. V VEY 
PHA6 CR B 2 

60 

300984 

NESHPOR. V KISLYI 

REAC CR B 2 

69 

700621 

MARKOVSKIl. L 

REAC CR B 2 

62 

301630 

KOTSCH. H 

0 CR B 2 

60 

301609 

MEZAKI. R TILLEUX 

THER CR B 2 

82 

601617 

BOLGAR. A 

TRT CR B 2 

61 

700938 

NESHPOR. V KISLYI 

VAP CR B 2 

69 

700621 

BOLGAR, A 

CRV8 CR B 6 

61 

700938 

EPELBAUM. V SEVAST 

PHAS CR B 6 

60 

600800 

EPELBAUM. V SEVAST 
REAC CR2B 

60 

600800 

MARKOVSKIl. L 

PHAS CR3B 4 

62 

301630 

ELFSTROM. M 

CEMP CR BORIDES 

61 

300367 

LVOV. S NEMCHENKO 
CEMP rn P SYST 

62 

201981 

CADKVILLE. M MEYER 
CPH CR B SYST 

62 

202013 

KRESTOUNIKOV. A VE 
CRTS CR B SYST 

69 

200797 

MALYUCHKOV. O POVT 
CRY8 CR B SYST 

62 

300684 

EPELBAUM. V SEVAST 
MPP CR B SYST 

67 

700931 

MERZ. A KOTSI'H. H 

PHA6 CR B SYST 

62 

301301 

EPELBAUM, V SEVAST 
REAC CR B SYST 

67 

700931 

KOLOMYTSEV. P 

REAC CR B MO SYST 

68 

300347 

TAI, S YOSINSKA. (; 

PHAS CR B P SYST 

60 

300272 

RUNDQVIST. S 

PHA8 ('R B2 MO SYST 

62 

300646 

KOVALCHKNKO. M SAM 
PHAS CR B2 MO SYST 

60 

300216 

KOVALCHENKO. M SAM 
CTEX CR BE 

60 

300216 

WHITE, G 

MPP CR C 

61 

201739 

KOSOLAPOVA. T SAMS 
REAC CR C 

62 

300918 

KOSOLAPOVA. T SAMS 
REAC CR C 

62 

300926 

SAMSONOV. G KOSOLA 
VAP CR3C 2 

61 

300666 

FESENKO. V BOLGAR 
CRYS CR3C 2 

63 

301216 

MEINHARDT, D KRISE 
THER CR3C 2 

60 

700912 

BOLGAR, A 

THER CR3C 2 

61 

700938 

ANON 

TMER CR3C 2 

60 

700902 

ANON 

THER CR3C 2 

60 

700904 

FUJISHIRA. S GOKCE 
THER CR3C 2 

61 

700616 

FUJISHIRO. S GOKCE 

61 

201016 


VAP CR3C 2 

60 700004 

61 700038 

60 700002 
60 600666 

62 201061 

61 200066 

61 200067 

60 200806 
61 300201 

63 301276 

63 202166 

61 700632 

61 301071 

60 201762 
60 600012 
60 600606 

61 700627 

61 700626 

61 301673 

66 300063 

62 300087 

60 201432 

61 201636 
61 201060 

60 201338 

61 201496 

61 201070 

60 300211 

61 201406 

62 201981 

60 700947 

60 700947 

61 201062 

61 201366 

60 700947 

62 600764 

63 600766 

61 201640 

60 301000 


ANON 

VAP CR3C 2 

BOLGAR. A 
VAP CR3C 2 

ANON 

VAP CR3C 2 

ANON 

CEMP CR CARBIDES 

LVOV, S NEMCHENKO 
CEMP CR CARBIDES 

LVOV. S NEMCHENKO 
KIN CR CARBIDES 

KOSOLAPOVA. T SAMS 
THER CR CARBONYLS 

KAWAI, K MURATA, H 
OF CR C SYST 

ALEKSEEVA. V 
REAC CR C SYST 
KOSOPLAPOVA, T SAM 
OF CR C SYST 

VINTAIKIN. E 
OF CR C SYST 

ALEKSEEVA. V SHVAR 
MPP CR C SYST 

BURYLEV. B 
PMA8 CR CO SYST 

GRIGOREV. A YEH. Y 
PMA8 CR FE SYST 

GRIGOREV, A SOKOLO 
THER CR FE SYST 

KUBASLHEWSKI, O 
THER CR FE SYST 

VVADA. H KAWAI. Y 
THER CR MO SYST 

LAFFITTE. M KUBASC 
MPP CR N 

SAMSONOV. G VERKHO 
VAP CR N 

SANO, K 
M P P R N 

SAMSONOV. G VERKHO 
PHAS CR NB SYST 

MISENCIK, J 
PHA8 CR NB SYST 

PAN, V 

PMA8 CR NB MO SYST 

GOLDSCHMIDT. H BRA 
PHA8 R NB MO SYST 

KURNA.'n JV. N TRONEV 
PMA8 CR NB MO SYST 

SVECHNIKOV, V KOBZ 
PHA8 C R NB SI SYST 

('.OLDSCHMIDT, H BRA 
THER CR NI SYST 

KI BASCHEWSHI. O DE 
PHAS CRNINBSYST 

SVECHNIKOV, V PAN 
CEMP CR NITRIDES 

LVOV, S NEMCHENKO 

CEMP CR NITRIDES 

SAMSCtNOV, G 
DH CR NITRIDES 

SAMSONOV. G 
MISC CR NiTRIDES 

POPOVA. V 

MPP CR NITRIDES 

VERKHOGLYADOVA. T 
REV CR NITRIDES 

SAMSONOV. G 
DHO CR O 

HU LOT. L LAGERQVIS 
DHD CR O 

LAGERQVIST. A HOLD 
REAC CR O 

TAKEKAZU, B HIROTA 
8PK CR O 

BERG, R SIMANOGLN 
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THCR CR O 



REV CU 



BARRIAULT, R DREIK 

S2 

300S6S 

RICHERT. E BECKETT 

49 

700664 

GUVS CR O 2 






CLOUD. W SCHREIBER 

62 

201631 




MPP CR O 2 






SWABODA. T ARTHUR 

61 

700624 

D 



OK CR O 2 






KUBATA. B 

61 

700666 




RCAC CR O 2 



THEO DIATOMIC GASES 



KUBATA. B 

61 

700666 

GUNGMAN. V 

61 

700646 

THER CR O 2 



THEO DIATOMIC GASES 



KUBATA. B 

61 

7006S6 

ARAI.T 

60 

300642 

THER CR O 2 



THER DIATOMIC GASES 



BARRIAULT. R DREIK 

62 

300666 

BROUNSHTEIN, B YUR 

62 

300774 

S CR O 3 



THER DIATOMIC GASES 



SPITSYN. V AFONSKI 

60 

300616 

GURVICH, L YUNGMAN 

60 

300460 

THER CR O 3 



DHD DIATOMIC MOLECULE 


BARRIAULT. R DREIK 

62 

300666 

SAYASOV, Y IVANOV 

60 

400693 

en« CR20 3 


h 

REV DIATOMIC MOLECULE 


GRAHAM. J 

60 

600616 

HERZBERG. G 

62 

600636 

OP CR20 3 



SPK DIATOMIC MOLECULE 


JEANNIN. Y MANNERS 

62 

301463 

HOUGEN, J 

62 

300764 

PNAS CR20 3 



SPK DIATOMIC MOLECULE 


JAFFRAY. J 

61 

700666 

FOGARASSY, B NEMET 

60 

200679 

REAC CR20 3 



SPK DIATOMIC MOLECULE 


SAMSONOV. G KOSOLA 

61 

300666 

HERZBERG. G 

62 

600636 

TRT CR20 3 



THEO DIATOMIC MOLECULE 


MCNALLY. R PETERS 

61 

600626 

BROUNSHTEIN, B I 

61 

300187 

VAP CR20 3 



THEO DIATOMIC MOLECULE 


WANG. K DREGER. L 

60 

700667 

PAPOUSEK, D 

61 

700676 

VAP CR20 3 



THEO DIATOMIC MOLECULE 


CAPLAN. D COHEN. M 

61 

700629 

LIPPINCOTT, E STEE 

61 

700683 

VAP CR20 3 



SPK DIATOMIC. 18T ROW 


KE CHING WONG DREG 

60 

300140 

FROGA. S RANAIL, B 

61 

700644 

VAP CR20 6 



THEO DIATOMICS 



NEUGENAUER. J 

63 

301311 

VANDERSLICE. J 

62 

202160 

REAC CR30 



SPK DIATOMICS 



KIHLBORG. L 

62 

202066 

NIKITIN. E 

62 

301312 

MISC CR OXIDES 



OHD DIATOMICS 



LUX. H EBERLE. L 

61 

700626 

PRITCHARD. H 

62 

301664 

CR OXIDES 



DHD DIATOMirS 



ANDERSSON.S 

66 

201176 

CLEMENTI, E 

63 

301204 

PHAS CR O SYST 



SPK DIATOMICS 



KUBOTA, T 

61 

600910 

JENSOVSKY. L 

62 

301487 

VAP CR O SYST 



THEO DIATOMICS 



GLEMSER. O MUELLER 

62 

300769 

RUE. R 

63 

301336 

PHAS CR RU SYST 



THEO DIATOMICS 



SAVITSKII. E TEREK 

61 

300636 

RICE. O 

62 

301667 

MISC CR SALTS 



THEO DIATOMICS 



LUX, H EBERLE, L 

61 

700626 

SPIRIDONOV, V TATE 

61 

301692 

CPH CR SI SYST 



THER DIATOMICS 



GOLUTVIN, U LYAN 

61 

700640 

PAPOUSEK. D GERMAN 

62 

301660 

DH CR SI SYST 



MISC DIBORIDES 



GOLUTVIN. V LYAN 

61 

700640 

MARKOVSKII. L VEKS 

61 

201060 

OH CR SI SYST 



THEO DIFFRACTION 



GOLUTVIN. Y 

62 

301229 

RAMBIDi, N 8PIR1DO 

62 

301369 

H CR SI SYST 



CEMP DY 



GOLUTVIN. U LYAN 

61 

700640 

LEGVOLD. S SPEDDIN 

63 

100189 

THER CR SI SYST 



CPL DY 



GOLUTVIN, U LYAN 

61 

700640 

DREYFUS, B 

61 

201220 

THEO CRYSTAL 



CPL DY 



DOYAL. B 

61 

300223 

GRIFFEL, M 

66 

601263 

PHAS CR TA SYST 



CPL DY 



GRIGOREV, A SOKDOU 

60 

201646 

LOUNASMAA. O GUENT 

62 

300779 

THER CR TA SYST 



CPL DY 



PILOYAN, G O EVSEE 

60 

300176 

GRIFFEL, M SKOCHDO 

66 

601019 

THER CR TA SYST 



CRTS DY 



PILOYAN. G EVSEEV 

60 

600666 

KOEHLER. W WOLLAN 

61 

301604 

PHAS CR U O SYST 



CRTS DY 



SMITH, D CLEIN, C 

61 

201463 

FOUNFELKER. R SIET 

62 

701069 

PHAS CS NB O SYSJ 



DH DY 



REISMAN, A MINEO 

61 

201060 

HUBER. E 

66 

601291 

SIB CU 



DH DY 



RICHERT, £ BECKETT 

46 

700664 

SAVAGE. W HUDSON 

69 

601126 

OH CU 



DH DY 



VERHAEGEN, G 


300236 

WHITE. D 

61 

201217 

MPP CU 



ERE6 DY 



RICHERT. E BECKETT 

46 

300664 

COLVIN, R LEGVOLD 

60 

601369 
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CIIE8 DY 

LEGUOLD, S SPEDDIN 
CUBS DY 

COLES. B 
8PK DY 

DONTSOV, Y 
REAC DY 

OLCESE. G 
SPK DY 

AKIMOV, A 
SFR DY 

MERRILL. T GREENST 
8PK DY 

SMITH. K SPALDING 
CRY8 DY 

DARNELL. P MOORE.E 
SPK DY 

BURRRIDGE. E BURBR 
SPK DY 

MDRAKAWA. K KAMEI 
VAP DY 

WHITE. D WALSH. P 
VAP DY 

WHITE. D WALSH. ? 

VAP DY 

SAVAGE. W HUDSON 
CEMP DY B 6 

SAMSONOV. G PADERN 
VAP DY O 

KULVARSHAYA. B MAS 
SPK DY2 

BURBRIDGE. G BURBR 
CPL DY20 3 

WESTRUM E JUSTICE 
CPM D^ 20 3 

PANKRATZ. L KELLEY 
CRVS DY20 3 

STARITZKY, E 
CTEX DY20 3 

PLOETZ, G 
OH nY20 3 

HUBER. E 
PHA8 DY20 3 

STARITZKY. E 


E 


TMEO EFFUSION 

FHISELKOV, Y SAPOZ 

TMEO EFFUSION 

FIRSOVA. L 
TMEO EFFUSION 

SEARCY. A SCHULZ 
CPL EINSTEIN FI N 

OVERTON. W C HANCO 
BETA ELEMENTS 

EGYED 

CPL ELEMENTS 

SKIFFMAN. C 
OH ELEMENTS 

NESMEYANOV. A KHAN 
REAC ELEMENTS 

RYABCHIKOV. D SKLY 
REAC ELEMENTS 

ROLSTEN. R 
REV ELEMENTS 

SHARPE. A SHARP. D 
8PK ELEMENTS 

WATSON. R 
THER ELEMENTS 

GATES. D THODOS, G 
VAP ELEMENTS 

ORMONT. B 
VAP ELEMENTS 

NESMEYANOV. A 


83 

100166 

08 


60 

601006 

61 

201602 

67 

601096 

66 

601007 

02 

300777 

83 

202023 

66 

601003 

03 

601218 

AO 

301622 

61 

300466 

69 

601126 

69 

300143 

60 

301064 

64 

600937 

03 

301012 

63 

301649 

66 

601292 

67 

601309 

66 

601291 

66 

601030 



• 



62 

301448 

63 

300980 

ION 


60 

300244 

64 

700739 

62 

601636 

60 

600660 

60 

200787 

60 

, f'*' " • 

200786 

61 

, < i 

201631 

60 

200616 

60 201372 

62 

300766 

61 ‘ 

300422 


VAP ELEMENTS 

HONIG. R 62 301144 

ERE8 ELEMENTS. GROUP 2 

VOROBER. A NAKHODN 88 201800 

REAC ELEMENTS. GROUP 4 

CHIANG.T 62 201680 

THEO ENTROPY 

DROZIN. N 61 300666 

THEO EQUILIBRIUM 

POE, A 63 301661 

CEMP ER 

LEGVOLD. S SPEDDIN S3 1001SS 

CRVS ER 

KOEHLER, W WOLLAN SI 301 SOS 

OH ER 

TRULSON. O HUDSON 61 600832 

OH ER 

WHITE. D 81 201217 

ERE8 ER 

COLVIN. R LEGVOLD 60 601389 

ERE8 ER 

LEGUOLD. S SPEDDIN 63 100189 

ERE8 ER 

COLES. B 68 601498 

MPP ER 

IONOV. N MITTSEV 61 601411 

SPK ER 

SMITH. K SPALDING 62 300777 

SPK ER 

JUDD. B MARQUET. L 62 300801 

SPK ER 

AKIMOV. A 67 601099 

VAP ER 

WHITE. D WALSH. P 60 301622 

VAP ER 

WHITE. D WAI-SH. P 61 ^00466 

CEMP ER B 6 

SAMSONOV. G PADERN 300143 

VAP ER O 

KULVARSHAYA. B M^S 60 301064 

CPL ER20 3 

WESTRUM. E JUS^lCl^ 63 301012 

CPM ER20 3 

PANKRATZ. L KING S3 202114 

PHAS RR20 3 

STARITZKY, E 66 601030 

DH EU 

TRULSON; O HUDSON 61 600832 

ERE6 BU 

OLSF.\ C 60 601336 

PHAS EU 

OOLVIN. R ARAJS. S 61, 600676 

PMA-^ EU IN O SYST 

fSCHNEIDER. S 61 201637 

SPK EU 

RAKELLARIDIS. P 63 100184 

SPK EU 

VAN DUKE BEATTY. S 61 400648 

8PN EU 

BMX.P 62 400666 

SPK EU 

BURBRIDGE. E BURBR 86 601003 

SPK EU 

MERRILL. P GREENST 60 601007 

SPK 

BRIX. P KOPPERMAN 62 400674 

SPK EU 

BOHM VITENSE. E 60 601109 

CEMP BU B 6 

SAMSONOV. G PADERN 69 300143 

C8Y8 EU B 6 

FELTEN. E BENDER 68 700887 

CRY8 EU N 

EICK. H BAENZIGER 88 801048 

PHAS EU N 

EICK, H BAENZIGER 88 601048 

REAC EU N 

EICK. H BAENZIGER 88 801048 
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REAC EU NITRIDES 
EICK, H 67 601063 

VAP EU O 

KULVARSHAYA. B MAS 60 301064 

6PK EU2 

BURBRIDGE. G BURBR 64 600637 

CTEX EU20 3 

PLOETZ. G 67 601306 

MPP EU20 3 

CURTIS. C THARP, A 66 700604 

MSP EU20 3 

PANISH, M 61 601372 

TUT EU20 3 

WISNYI. L PIJANOWS 67 601066 

VAP EU20 3 

PANISH. M 61 601372 

CfIVS EU30 4 

BAERNIGHAUSEN. H 62 701066 

6PK EUIl 

DEUTSCH. A 66 600682 

BIB EU OXIDES 

JONES. P 60 200664 

PHAB EU OXIDES 
EICK. H BAENZIGER 66 601070 

REAC EU OXIDES 
EICK, H 67 601063 

REAC EU OXIDES 
EICK. H BAENZIGER 66 601070 

MBP EXPERIMENTAL 

LEHRLE. R 62 301620 

MSP EXPERIMENTAL 

MCDOWELL. C 62 201370 

6PK EXPERIMENTAL 

HEXTES. R 63 301240 


F 


BETA FE 

ivRUPNIKOU. K BAKAN 
THER FE 

KINNE. G VISHKAREV 
VAP PE 

FRANZEN. J HINTENB 
MPP FE C SYST 

MORI.T AKETA, D 
TMER FE C SYST 

TSENG, C POLYAKOV 
TMER FE CO SYST 

SATO.T KACHl, S 
PHA6 FE CR SYST 

WADA, H KAWAI, Y 
DHD FE O 

LAGERQVIST. A HULD 
PHAB FE SI B SYST 

ARONSSON. B ENGSTR 
MPP FE SI SYST 

DRETZE. H D BALTHE 
PHAB FE TI C SYST 

PENG, R CHOV, Y 
TMEO FUSION 

FERRIER, A 
THEO FUSION 

GROSSE, A LENTNER 


G 


OH GA 

GURVICH. L 60 600662 

OMD GAS METAL DIOXIDE 

BREWER, L ROSENBLA 61 700667 

E GAS METAL DIOXIDE 

BREWER, L ROSENBLA 61 700667 


BPK GAS METAL DIOXIDE 

BREWER, L ROSENBLA 61 700667 

P GASEOUS ATOMS 

KATZ. T MARGRAVE 66 600633 

THER GASEOUS IONS 

GREEN. J POLAND. D 60 200762 

REV GASES 

GLUSHKO. V 62 301221 

TKEO GASES 

HIRSCHKELDER. J CU 64 202061 

THEO GASES 

HIRSCHFELDER. J 63 202062 

BOOK GASES 

PENNER. S 62 202117 

THER GASES 

MCDOWELL, R 63 301300 

THEO GASES 

PREDVODITELEV. A 63 301322 

THER GASES 

SEIGEL. B 63 301366 

DHD GASES 

MATLOW.S 61 300401 

DHD 0 4SES 

LIPPINCOTT. E £T A 61 300402 

SPK GASES 

OPPENHEIM. I HAFEM 63 ^0:316 

MSP GASES 

MARTYNKEVICH. G 62 3COS67 

SPK GASES 

HOUGEN.J 62 301476 

SPK GASES 

WATANABE. K INN. E 62 600666 

THEO GASES 

GURVICH. L YUNGMAN 61 300364 

TMEO GASES 

BROUNSHTEIN, B YUR 62 300364 

THEO GASES 

WATANABE. K INN. E 62 600666 

TMEO GASES 

GODNEV, I ALEKASAN 62 300863 

THEO GASES 

VUKALOVICH. M ARTY 62 301006 

THEO GASES 

ALTUNIN. V 62^ 301366 

TMER GASES 

SMITH. F 63 301660 

THER (;ases 

BROUNSHTEIN. B YUR 62 301417 

THER GASES 

GURVICH. L V YUNGM 61 300248 

TMER GASES 

BAIBUZ, V MEDVEDEV 61 300644 

THER GASES 

LAVROV. N FILIPPOV 66 300341 

THER GASES 

KOLSKY, H GILMER. 67 700636 

THER GASES 

TABACHENKO. A 62 600227 

VAP GASES 

GILLES. P 62 301142 

VAP GASES 

HONIG. R HOOK. H 60 300424 

VAP GA O 

KULVARSHAYA, B MAS 60 301064 

VAP GA O 

SHCHUKAREV. S SEME 61 300637 

CEMP GD 

LEGVOLD. S SPEDDIN BB 100186 

CPL GD 

LOUNASMAA. 6B 301627 

CPL GD 

CRANE. L BB 300611 

CRVB GD 

FOUNFELKER. R SIET 62 701066 

OH GD 

TRULSON, O HUDSON 61 600632 

CTEX GD 

ANDRES, K 63 301172 


63 301146 

62 301147 

61 700670 

60 300206 

61 301003 

66 300266 

60 300266 

63 600766 

60 201346 

61 300242 

68 300266 

62 300761 

62 300676 
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DH GD 

WHITE. D 
CRCS GD 

COLVIN, R LEGVOLD, 
ERfS GD 

LEGVOLD. S SPEDDIN 
BREt GD 

COLES, B 
8PK GD 

MURAKAWA, K 
SPK GD 

SMITH, K SPALDING, 
SPK GD 

AKIMOV. A 
SPK GD 

BUX. P ENGLER, H 
SPK GD 

ZELDES. N 
SPK GD 

BURBRIDGE. E RUKBR 
SPK GD 

MERRILL. P GREENST 
SPK GD 

sirwA. s 

SPK GD 

SAKELLAR1DI8. P 
SPK tJD 

RUSSELL, H 
SPK GD 

BRIX, P ENGLER. D 
SPK GD 

BRIX, P 
SPK GD 

(;ratton. L 

SPK (;o 

suwa. s 

VAP GD 

WHITE. D WAl^H, P 
VAP GD 

WHITE. D WALSH. P 
CRVS GD B 4 

STEPANOVA, A ZHUHA 
CTEX GD B 4 

STEPANOVA, A ZHl’KA 
CEMP GD B 6 

SAMSONOV, G PADERN 

SPK C;D2 

BURBRIDGE. G BURBR 
CPH GD20 3 

PANKRATZ. L KING 

CPL GD20 3 

JUSTICE, B WESTRUM 
CTEX GD20 3 

PLOETZ. G 
DM GD20 3 

HUBER. E HOLLEY. C 
REAC GD20 3 
KELER. E GODINA. N 
TRT GD20 3 

WISNYI, L PIJANOWS 
SPK GDIl 

DEUTSCH. A 
SIS GD OXIDES 

JONES. P 
CEMP GE 

UNY.C 
MSP GE 

KOYLOVSKAYA, V 
THSR GE 

CHERKASKIN. Y GLAD 
VAP GE 

VINTAIKIN, E 

OE C SYST 
SCACE, R SLACK, G 
PMAS GE C SYST 
SCACE, R SLACK, G 
PHAS GE O 

brewer. L MASTIK 


61 

201217 

60 

601389 

63 

100189 

68 

601498 

64 

601284 

62 

300777 

67 

601099 

62 

100192 

63 

100191 

66 

601003 

66 

601007 

63 

100190 

63 

100184 

60 

400640 

61 

400663 

62 

400666 

62 

400667 

62 

400676 

60 

301622 

61 

300466 

68 

601 1 1 1 

68 

601 1 1 1 

69 

300143 

64 

600937 

62 

300968 

63 

300907 

67 

601309 

66 

600930 

61 

300387 

67 

601066 

66 

600982 

60 

200984 

61 

301036 

301103 

67 

301107 

61 

201209 

60 

200768 

60 

2007SS 

49 



MSP GROUP III-IV-V 

AHEARN, A THURMOND 62 
TMER GROUP IV-V-VI 


H 


HOCH. M S2 

REAC HARD METALS 
DEMPSEY, E S3 

REAC HAFNATES 

KOMMISSAROVA, L SP 63 

THER HALIDES 

BREWER, L SOMAYAJU 63 

DH HALIDES 

BARBER. M LINNETT 62 

REV HALIDES 

BREWER. L SOMAYAJU 63 

RHO HALIDES 

KIRSCHENBAUM. A CA 60 

THEO HEAT CAPACITY 

HILSENRATH, J ZIEG 62 

THEO HEAT CAPACITY 

FLINN, P MARADUDIN 63 

THEO HEAT CAPACITY 

LANDIIA. N 62 

CTEX HEXABORIDES 

ZHURAVLEV. N ET AL 61 

PHAS HF 

BABITZKK. H ASAl 62 

KIN HF 

KUBAS( HEWSKI, O 62 

THER HF 

KUBASCHEWSKI. O 62 

BIB HP 

ABSHIRE. E NOTESTl 60 

BIB HF 

CURTIS. C 62 

BIB KF 

WILLIAMS. G BAKER 62 

CPH HF 

FIELDHOUSE. I LANG 60 

CRTS HF 

GLADYSHEVSKII. E TY 60 

CRVS HF 

FOUNFELKER. R SIET 62 

CTEX HF 

FIELDH< =>E, I LANG 60 

CTEX t' t 

NOWOTNY. H LAUBE 61 

MPP HF 

KAREV. V KLYUCHARE 63 

MISC HF 

SPINK. D 61 

MPP HF 

SKINNER, G BECKETT 60 

PHAS HF 

KORNILOV. I 60 

PHAS HF 

MARTIN. R SEAGLE 61 

PHAS HF 

NOWOTNY, H BRAUN 60 

REAC HF 

ENGELKE. J HALDEN SO 

CRVS HF 

JAMIESON. J 63 

CPL HF 

KNIEF, G BETTERTON 63 

VAP HF 

KRIKORIAN.O S3 

REV HF 

SPERNER, H 62 

SPK HF 

KLINKENBERG. P 61 

SPK HF 

MOORE. C BS 


300471 


300644 
301134 
20207B 
202010 
300702 
301416 
200897 
301471 
301218 
301291 
300379 
201 98B 
601677 
601677 
600649 
600903 
600904 
601 6B3 
201664 
701089 
601683 
600644 
202064 
200891 
601226 
200907 
300308 
201309 
201629 
301263 
301264 
301 2S4 
201787 
300776 
601 OSS. 
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SPK HF 



OHD HF C 



NORRIS. J 

SO 

SOI 194 

BITTNER, H GORETZK 

62 

301132 

SPR HF 



MPP HF C 



ROSENZWEIG. N PORT 

SO 

700901 

ANON 

61 

300237 

SPK HF 



MPP HF C 



ROSENZWEIG. N PORT 

60 

700996 

SAMSONOV. G 

69 

300996 

SPK HF 



MPP HF C 



SHAW. C 

66 

60090S 

SAMSONOV. G PADERN 

61 

201143 

TCOM HF 



PHAS HF C 



FIELDHOUSE. 1 LANG 

60 

601663 

ANON 

61 

601699 

THEO HF 



PHAS HF C 



ROSENZWEIG. N PORT 

60 

700996 

BENESOVSKY. F RUDY 

60 

700974 

TMEO HF 



MPP HK C 



ROSENZWEIG. N PORT 

60 

700901 

PADERNO, V 

62 

202112 

THEM HF 



CEMP HF C 



MARGRAVE. J 

61 

700967 

SAMSONOV. G FOMENK 

63 

202128 

THEM HF 



CEMP HF C 



SCHICK. H ANTHROP 

63 

300994 

BITTNER. H GORETZK 

62 

202004 

TKT HF 



CEMP HF C 



TAYLOR. A DOYLE. N 

61 

600633 

INGOLD. J 

63 

301261 

TRT HF 



CTEX HF C 



GIESSEN. B RUMP. 1 

63 

301466 

KRIHORIAM. WALLA 

63 

301286 

TRT HF 



PHAS HF C 



MARTIN. R SEAGLE 

61 

300308 

COFFMAN. J COULSON 

61 

701040 

TRT HF 



PHAS HF C 



GRESSEN. B RUMP. 1 

62 

300887 

BENESOVSKY. E RUDY 

61 

100161 

VAP HF 



PHAS HF C 



PANISH. M REIF, L 

63 

300969 

CURTIS. C DONEY, L 

64 

300867 

SPK HF3 



REAC HF C 



KLINKENBERG. P VAN 

61 

701019 

MEERSON.G KREIN 

60 

200831 

SPK HF4 



REAC HF C 



KLINKENBERG. P VAN 

61 

701019 

CALVERT, E KIRK. M 

62 

301421 

CEMP HF B 2 



REAC HF C 



MATSKEVICH. T KAZA 

62 

300962 

SAMSONOV. G PADERN 

61 

201143 

CRTS HF B 2 



REAC HF C 



RUDY. E 

61 

201266 

ZHELANKIN, V KUTSE 

62 

20191 1 

H HF B 2 



TCON HF r 



MEZAKI. R TILLEUX 

62 

601617 

LOWRIE. R 

60 

701014 

KIN HF B 2 



THER HF C 



ANON 

62 

601697 

BOLGAR. A 

61 

700938 

MPP HF B 2 



THER HF C 



PADERNO, Y B SEREL 

69 

700634 

SCHICK. H ANTHROP 

63 

301 679 

REAC HF B 2 



THER HF C 



PADERNO. Y B SEREL 

69 

700634 

LITTLE. A 

62 

301626 

S HF B 2 



VAP HF C 

•*»<* 


MEZAKI. R TILLEUX 

62 

601617 

VIDALE, G 

61 

30161 1 

THER HF B 2 



VAP HF C 



LITTLE. A 

62 

301626 

BOLGAR. A 

61 

700936 

VAP HF B 2 



VAP HF C 



KRUPKA. M 

62 

601698 

COFFMAN. J COULSON 

61 

701040 

PHAS HF B C SYST 



VAP HF C 



NOWOTNY. H 

61 

201147 

COFFMAN, J COULSON 

61 

300293 

PHAS HF B C SYST 



VAP HF C 



NOWOTNY. H RUDY. E 

61 

300190 

SCHICK. H ANTHROP 

63 

300994 

PHAS HF B N SYST 



PHAS HF C SYST 



RUDY. E BENESOVSKY 

61 

300496 

BENESOVSKY, F RUDY 

60 

600648 

PHAS HF BA O SYST 



PHAS HF C SYST 



KELER. E GODINA, N 

61 

201214 

AVARDE, R AUGUSTIN 

62 

300860 

PHAS HF BE SYST 



REAC HF C O SYST 



KRIPYAKEVICH, P TY 

61 

201377 

ZHELANKIN. V KUTSE 

61 

300667 

PHAS HF B X 



PHAS HF CA OXIDES 



VICKERY, R C MUIR 

60 

300232 

GODINA. N KELER. E 

61 

201336 

TRT HF B X 



SURF HF CARBIDES 



VICKERY. R MIUR. H 

60 

300232 

FOMENKO. V 

61 

201420 

CEMP HF C 



PHAS HF CA O SYST 



MATSKEVICH. T KAZA 

62 

300962 

KELER. E GODINA, N 

61 

201214 

CEMP HF C 



VAP HF CL 4 



BONDARENKO. B ERMA 

62 

301409 

TOIRELNIKOV, V KOM 

61 

301101 

COPT HF C 



VAP HF CL 4 



COFFMAN. J COULSON 

61 

701040 

EVSTYUKHIN. A BARI 

60 

300882 

CPH HF C 



THER HF CL SYST 



LOWRIE. R 

SO 

701014 

RUZINOV. L BELOV 


301668 

CRTS HF C 



C6MP HF COMPOUNDS 



COFFMAN, J COULSON 

61 

701040 

LEWIS, C R 

61 

300234 

CRVS HF C 



OH HF F 4 



BENESOVSKY. P RUDY 

60 

700974 

GREENBERG, E SETTL 

62 

300739 

DP HF C 



SPK HF HALIDES 



COFFMAN, J COULSON 

61 

701040 

BUCHLER, A 

SO 

201466 
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THfR HF HALIDES 

LUNGU.S 

PHA8 HF MG O SYST 

GODINA. N KELER. E 
PHA8 HF MO SYST 
KAUFMANN. A RAPPER 
PHA8 HF MO SYST 

KAUFMANN A R RAPPR 
TH80 HF N 

BAUGHAN. B 
MPP HF N 

SAMSONOV. G VERKHO 
MPP HF N 

SAMSONOV. G 
CEMP HF NITRIDES 

SAMSONOV. G 
OH HF NITRIDES 

SAMSONOV. G 

HF NITRIDES 
SAMwSONOV. G 
PHA8 HF O 

KORNILOV. I 
TMER HF O 

SCHICK. H ANTHHOP 
VAP HF O 

PANISH, M REIF. L 
CEMP HF O 2 

MATSKEVICH. T KAZA 
CRY8 HF O 2 

ADAM, J ROGERS. M 
CTEX HF O 2 

GRAIN. C CAMPBELL 
PHA8 HF O 2 

DELIMARSKY. Y BLUE 
VAP HF O 

SHCHUKAREV, S SEME 
PH AS HF O 2 

KELER. E (;ODINA. N 
PH AS HF O 2 

ruicris. c doney, l 

PH AS HF O 2 

(;rain. r Campbell 

RE AC HF O 2 

MCTAtlGART, F 
TRT HF O 2 

WOLTEN, G 
CRVS HF O 2 

KOFSTAD, P Rl^ZU’KA 
MPP HF O 2 

MCTAGGART. F 
TMER HF O 2 

SCHICK, H ANTHROP 
PHA8 HF O 2 

LEFEVRE. J 
THER HF O 2 

SCHICK. H ANTHROP 
TRT HF O 2 

BAUN. W 
THER HF O 2 

MCCLAINE. L 
TRT HF O 2 

CURTIS. C DONEY. L 
VAP HF O 2 

HASAPIS. A MELVEGE 
VAP HF O 2 

HASAPIS, A MELVEGE 
PH AS HF O SYST 
RUDY. E STECHER. P 
PHAS HF O SYST 

KUBASCHEWSKl. O 
THER HF O SYST 

SILVER, M FARRAR 
CRY* HF O SYST 

DAGERHAMN. T 
THSR HF O SYST 

VEINBACHS, A KOMAR 
MRF HF O F SYST 

BUSLAYEV, Y GORBUN 


62 

300736 

61 

201336 

60 

202066 

61 

300218 

69 

300866 

62 

300997 

69 

300996 

60 

700947 

60 

700947 

60 

700947 

60 

200769 

63 

301679 

63 

300969 

62 

300962 

69 

300862 

61 

601471 

62 

300880 

63 

301352 

ei 

300264 

64 

300867 

61 

601471 

61 

300338 

63 

202161 

63 

202073 

63 

202101 

63 

301680 

63 

301619 

63 

301679 

63 

201989 

60 

300278 

64 

300867 

61 

701017 

61 

701039 

63 

300974 

62 

601677 

63 

202137 

61 

300478 

62 

601611 

62 

300830 


C R V8 H F P 

JEITSCHKO. W NOWOT 62 

PHA8 HF RE SYST 

8AVITSKII. E TYLKl 62 

PHAS HF RE SYST 

KAUFMANN A R RAPPR 61 

PHAS HF SR O SYST 

KELER. E GODINA, N 61 

PHAS HF TA C SYST 

NOWOTNY. H S3 

PHAS HF TI O SYST 

GODINA. N KELER. E SO 

PHAS HF U C SYST 

KRIKORIAN. N WPI'TE 63 

PHAS HF U C SYST 

BENESOVSKY, F RUDY 61 

PHAS HF W 

KAUFMANN A R RAPPR 61 

THER HF X 4 

ALEKSANDROVSKAYA. A 63 

SPK HG 

MCNALLY. J 62 

REV HIGH TEMP CHEM 

GILLES. P 61 

CRYS HO 

KOEHLER, W WOLLAN 61 

CPL HO 

LOUNASMAA.O 62 

DH HO 

WHITE. D 61 

ERE8 HO 

COLV 1 N . R LEG VOLD 60 

SPK HO 

SAKELLAHIDIS. P S3 

VAP HO 

WHITE. D WALSH. P 60 

VAP HO 

DEMARIA, G GUIDO 63 

VAP HO 

WHITE, D WALSH. P 61 

VAP HO 

WAKEFIELD. G 62 

VAP HO O 

KULVARSHAYA. B MAS 60 

CRVS HO B 4 

STEPANOVA. A ZHURA 68 

CTEX HO B 4 

STEPANOVA, A ZHURA 68 

CEMP ifO B 6 

SAMSONCW G PADERN 69 

CPH K020 'A 

PANKRATZ. L KING 63 

CPL H020 3 

WESTHUM. E JUSTICE 63 

REV H. T RESEARCH 

GROSSE. A 63 


I 


CPH IN 

CARTER, W 61 

CTEX IN 

CARTER, W 61 

THER IN 

CARTER. W 61 

DH INORGANIC COMPDS 

REZNITSKII.LA 61 

SPK INORGANIC COMPOS 

OZIMOV, B VOLNOV 61 

DH INORGANIC SALTS 

KARPACHEV, S V KAR 60 

THER INORGANIC SALTS 

KARPACHEV. S V KAR 60 

6 INORGANIC SUBSTAN 

ACKERMANN, R J THO 66 


301484 
201796 
300218 
201214 
301166 
201622 
301613 
301406 
300218 
301393 
1 002 1 1 
300460 
301604 
701077 
201217 
601389 
100184 
301622 
202097 
301014 
300724 
301064 
601 1 1 1 
601 1 1 1 
300143 
202114 
301012 
301236 


601631 

601631 

601631 

300260 

700661 

300138 

300138 

300268 
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MPP INTERMETALLICS 

KOROLKOV. A IGUMNO 61 300638 

REV INTERMETALLICS 

PAINE. R STONEHOUS 60 201361 

REAC IONS 

TALROZE. V 60 601643 

THER IONS 

GREEN. J POLAND. D 62 300363 

THER IONS 

GREEN. J POLAND. D 61 301462 

BIB IR 

GOODWIN. T 66 601647 

CEMP IR 

WHITE. G W'OODS. 8 67 601060 

CPN IR 

DOUGLASS. R HOLDEN 69 700376 

CPL IR 

JOHNSON. R HUDSON 66 601039 

CRTS IR 

MCCALDIN. J DUWEZ 64 600966 

CRY8 IR 

THOMPSON J 62 201648 

OH IR 

PANISH, M KEIF. L 61 700639 

OH IR 

HAMPSON. R WALKER 61 700681 

ERE8 IR 

BRIDGMAN. P 61 400633 

MPP IR 

FRANCIS. A 62 301076 

REV IR 

BETTERIDGE. W RHYS 62 202003 

PHAS IR 

MENDENHALL. C INGE 07 900143 

PHA8 IR 

HENNING. F WENSEL 33 900128 

SPK IR 

DEODHAR. G PADALIA 62 300676 

SPK IR 

MOORE. C 68 601088 

SPK IR 

ROSENZWEIG. N PORT 60 700901 

SPK IB 

ROSENZWEIG, N PORT 60 700996 

SPK IR 

MURAKAWA. K SUWA 62 600942 

SPK IR 


VAP IR 

DREGER. L MARGRAVE 60 600643 

VAP IR 

PANISH. M REIF. L 61 700639 

VAP IK 

HAMPSON. R WALKER 61 700681 

VAP IR 

PAULE. R 61 601479 

CRTS IR B SYST 

ARONSON. B STENBER 62 300767 

CRTS IR B SYST 

ARONSON. B ASELIUS 69 601166 

PHAS IR C 

NADLER. M KEMPTEK 60 300301 

REAC IR CL 

STEPIN. B CHERNYAK 60 201676 

THER IR O 

BARRIAULT. R DREIK 62 300866 

CPH IR O 2 

JAEGER. F 34 900127 

CPH IR O 2 

WOHLER. L JOCHUM 33 900124 

CPH IR O 2 

WOHLER. L JOCHUM 33 900124 

DH IR O 2 

SCHNEIDEREITl'l. G 62 301682 

OH IR O 2 

WOHLER, L WITZMANN 08 900126 

OH IR O 2 

BILTZ, W 34 900127 

OH IR O 2 

WOHLER. LJOI'HUM 33 900124 

OH IR O 2 

WOHLER. L JOCHUM 33 900124 

VAP IR O 2 

CORDFUNKE, E MEYER 62 300672 

THER IR20 3 

ALCOCK. C HOOPER 60 601161 

VAP IR O SYST 

CORDFUNKE, E MEYER 62 301064 

MI8C IR O SYSr 

HELVENSTON.E 60 601196 

THER IR O SYST 

SCHAFER. H JOAC HIM 60 601160 


ALBERTSON. W 38 900122 

SPK IR 

SEIMENS. W 63 600949 

TCON IR 

WHITE, G WOODS. S 67 601060 

TCON IR 

POWELL. R TYE. R 66 601082 

THEO IR 

ROSENZWEIG, N PORT 60 700996 

THEO IR 

ROSENZWEIG. N PORT 60 700901 

THER IR 

DOUGLASS, R HOLDEN 69 700376 

THER IR 

BARRIAULT. H DREIK 62 300866 

THER IR 

GOODWIN. T 66 601647 

TRT IR 

MCCALDIN. J DUWEZ 64 600966 

TRT IR 

MENDENHALL. C INGE 07 900143 

TRT IR 

HENNING. P WENSEL 33 900128 

VAP IR 

MARGRAVE. J 61 700967 

VAP IR 

HA8AP1S. A PANISH 60 700994 

VAP IR 

DREGER. L 82 300720 

VAP IR 

DREGER. L 81 300628 


K 


VAP KNUDSEN 

WINTER BOTTOM. W HI 62 300660 

VAP KNUDSEN 

VETRENKO. E MIKULI 62 300603 


L 


CTEX LA 

ANDRES. K 63 301172 

THER LA 

MASLOV. P MASLOV 69 601196 

BETA LA 

BRIDGMAN, P 48 700883 

BETA LA 

BRIDGMAN. P 48 700884 

CPL LA 

PARKINSON. D H SIM 61 400667 

CPL LA 

BERG.:t 700760 

CPL LA 

PARKINSON. D 61 700886 

CPL LA 

BERMAN. A SEMAN8KY 68 700886 

CPL LA 

BOORSE. H BERMAN 66 700887 
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CPL LA 

MONTGOMKRY. H PKLL 
CRY8 LA 

ZIEGLER, W YOUNG 
CRY8 LA 

HERRMANN. K DAANE 
CTEX LA 

DASHKOVSKII. A SAV 
CTEX LA 

BARSON, F LEGVOLD 
OHT LA 

CAVALLERO. U 
ERE 8 LA 

ZIEGLER. W YOUNG 
ERE8 LA 

COLVIN. R LECiVOLD 
ERE8 LA 

ALSTAD, .J COLVIN 
ERE8 LA 

BRIDGMAN. P 
ERE8 LA 

JAMES. N LEGNOLD 
M LA 

KELLEY. K 
M P P LA 

SPEDDING. F DAANE 
PH AS l^A 

SPEDDING. F DAANE 
PMCH LA 

SMITH. J ( ARLSON 
REAC LA 

LORIEKS. J 
S LA 

KELLEY. K 
SPK t.A 

MURAKAWA, K 
SPK LA 

(iAKSTANCi. K 
SPK LA 

VAN DUKE HEAI'TY. S 
SPK LA 

(; HATTON, L 
SPK LA 

MOORE, C 
SPK LA 

YATSMIRSKII, K 
SPK LA 

BUHBRIDGE E HCHHH 
SPK LA 

RUBESKA. I 
SPK LA 

MURAKAWA. K KAMEl 
SPK LA 

SCHWARZSC'HILD. M 
SPK LA 

MOORE. C 
THER LA 

PARKINSON. D H SIM 
VAP LA 

ACKERMANN. R RAUH 
VAP LA 

BEAVIS. L 
VAP LA 

ACKERMANN. J KAI H 
TMER LAi^ 

GREEN. J POLAND. D 
MPP LA B 

SAMSONOV. G 
CRY8 LA B 4 

FELTEN. E BENDER 
CEMP LA B 6 
SAMSONOV. G PADERN 
CEMP LA B 6 

LAFFERTY, J 
CPH LA B 6 

SAMSONOV. G PADERN 
CRY8 LA B 6 

NESPHOR. V SAMSUNG 


61 

700910 

S3 

100196 

66 

700906 

61 

201866 

60 

700902 

43 

700896 

63 

100196 

60 

601389 

01 

201099 

61 

400633 

62 

100206 

60 

700891 

61 

700907 

67 

700872 

57 

700746 

49 

400642 

60 

700891 

61 

300826 

62 

100207 

61 

400648 

62 

400667 

68 

601088 

48 

700761 

66 

601003 

62 

6001 19 

63 

601218 

67 

601047 

68 

700913 

61 

400667 

62 

700840 

60 

700878 

62 

700909 

60 

700882 

66 

700730 

68 

700867 

69 

300143 

60 

400641 

01 

700862 

68 

700869 


CRYS LA B 6 

ZHDANOV, G ZHURAVL 
CRYS LA B 6 

MALINCHKOV. O POVI 

C R VR f A n 

SAMSONOV. G GRODSH 
CRV8 LA B 6 

TVOROGOV, N 
CRV8 LA B 6 

BEKTAUT. F BLUM. F 
CTEX LA B 6 

ZHUANOV. G ZHURAVL 
CTEX LA B 6 

KRIKORIAN. O 
Q H 1 A B 6 

SAMSONOV, G PADERN 
MPP LA B 6 

SAMSONOV, G 
MPP LA B 6 

SAMSONOV. G NESHPO 

F ESE N K O.'V^OLG A R 
MPP LA B 6 

KLDINTSEVA. G POPO 
COPT LA B 6 

TSAHEV, B ILLARION 
MPP LA B 6 

BLUM, P BERTACT, F 
CEMP LA BORIDE 
PADKKNO, Y SAMSONO 
CRYS LA B SYS! 

MALYI CHKOV. O POVI 
PH AS LA B SYST 

JOHNSON. R DAANE 
REAC LA C 

SCAIFE, D WYLIE, A 
CEMP LA C 2 

(i KEEN WOOD. N OSBOR 
CRYS LA C 2 

WARF, J PALENIK, O 
CRYS l.A C' 2 

PALENIK. C WARF. J 
CRYS LA C 2 

BREDIG. M 
CRYS LA C 2 

SPEDDING. F GSCHNE 
CRYS LA C 2 

ATOJI M 
CRYS LA C 2 

ATOJL ' ‘ MEDRl’D. R 
CRYS LA C 2 

ATOJI. M GSC HNEIDE 
CTEX LA C 2 

KRIKORIAN. O 
REAC LA C 2 

KOVAI.CHENKO, M NES 
SPK LA C 2 

LOWRIE, R 
SPK LA C 2 

LOW HIE. H 
SPK LA C 2 

LOW HIE. R 
THER LA C 2 

CHUPKA. W '’^ERKOWIT 
CRYS LA V J 

ATOJI. M WILLIAMS 
VAP LA CL3 

NOVIKOV. G BAEV. A 
CEMP LA2C 3 

GREENWOOD. N OSBOR 
PH AS LA C SYST 

ANON 

PHAS la C SYST 

WARF, J PALENIK, G 
PHAS LA C SYST 

SPEDDING, F GSCHNE 
PHAS LA C SYST 

SPEDDING. F GSCANE 


67 

801061 

62 

300948 

66 

700733 

69 

700860 

62 

700870 

67 

700731 

60 

700847 

61 

700862 

69 

700846 

69 

700734 

63 

301216 

62 

301289 

63 

301369 

64 

700848 

60 

200971 

62 

300684 

61 

201106 

58 

700863 

61 

201076 

60 

700849 

62 

700860 

60 

700B52 

68 

700858 

61 

700864 

69 

700867 

58 

700868 

60 

700847 

68 

700869 

60 

701014 

61 

700966 

61 

700736 

68 

700866 

60 

700861 

62 

300686 

61 

201076 

66 

601266 

60 

600636 

61 

700687 

69 

700863 


2-715 



CRY8 LA N MPP LA20 3 


YOUNG. R ZIEGLER 

62 

100206 


TRESVYATSKIY. S CH 

61 

300440 

CRYS LA N 




MPP LA20 3 



YOUNG, R ZIEGLER 

62 

700866 


NAGASAWA, S 

60 

400830 

CRYS LA N 




PHAS LA20 3 



KLEMM. W WINKELMAN 

66 

700874 


SCHNEIDER. S ROTH 

60 

700747 

MPP LA N 




PHAS LA20 3 



LYUTAYA. M SAMSONO 

63 

301629 


EYRING. L VORRES 

60 

700746 

THER LA N 




PHAS LA20 3 



KELLEY. K 

37 

700866 


LAMBERTSON. W GUNZ 

62 

700762 

THER LA N 




PHAS LA20 3 



BAUGHAN. E 

69 

700876 


WOLF. L SCHWAB. H 

61 

201408 

CRYS LA N SYST 




REAC LA20 3 



lANDELLl. A 

37 

601270 


KELER, E (;ODINA. N 

61 

300387 

OHD LA O 




REAC LA20 3 



CHUPKA. W INGHRAM 

66 

700926 


MOROZOV. I KORSHUN 

68 

700763 

OHD LA O 




TRT LA20 3 



GOLDSTEIN. H 

61 

201216 


LAMBERTSON. W GUNZ 

62 

700762 

DHD LA O 




8 LA20 3 



WAI^H. P WHITE. D 

68 

700800 


BLOMEKE. J O ZIEfJL 

61 

400662 

OHO LA O 




8 LA 20 3 



WALSH. P GOLDSTEIN 

SO 

700924 


KEIJ-EY. K KING, E 

61 

700916 

F LA O 




THER LA20 3 



BREWER. L CHANDRAS 

69 

700892 


KING. E WELLER. W 

61 

300712 

H LA O 




THER LA20 3 



KELLEY, K 

60 

700891 


INGHRAM, M CHUPKA 

67 

601067 

PHAS LA O 




THER LA20 3 



FOEX, M 

61 

201163 


BLOMEKE. J O ZIEGL 

61 

400662 

S LA O 




THER LA20 3 



KELLEY. K 

60 

700891 


BREWER, L 

63 

700906 

8PK LA O 




VAP LA20 3 



AKERLIND, L 

62 

300010 


TOSIM. S 

67 

601606 

8PK LA O 




VAP LA 20 3 



MURTHY. N 

61 

301067 


GOLDSTEIN, H 

61 

201216 

SPK LA O 




VAP LA20 3 



HATUECLER, S ROSEN 

69 

700769 


WALSH. P WHITE, D 

68 

700806 

SPK LA O 




VAP 1.A20 3 



ROSEN. B 

61 

700890 


W ALSH. P GOLDSTEIN 

60 

700888 

SPK LA O 




VAP LA20 3 



AKERLIND. L 

62 

700694 


GOLDSTEIN, H WALSH 

61 

700889 

THER LA O 




VAP LA20 3 



BREW ER. L 

63 

700921 


ACKERMAN. J THORN 

61 

700908 

VAP LA O 




VAP LA20 3 



GOLDSTEIN. H W'AUSH 

61 

700889 


GOLDSTEIN. H 

•0 

201018 

VAP LA O 




VAP LA20 3 



GOLDSTEIN. H WALSH 

60 

700896 


WALSH. P (;OLDSTKlN 

60 

700924 

VAP LA O 




OH LA O SYST 



KULVARSHAYA, B MAS 

60 

301064 


WALSH, V N DKVER 

61 

700842 

VAP LA O 




MI8C LA O SYST 



WALSH. P GOLDSTEIN 

60 

700924 


LORIERS, J 

49 

400642 

CPH LA20 3 




PHAS LA SI O SYST 



GOLDSTEIN. H NGILS 

69 

601198 


TOROPOV, N BONDAR 

60 

201606 

CPH LA20 3 




DH LANTHANIDE IONS 


BLOMEKE, J O ZIEGL 

61 

400662 


YATSIMIRSKII. K B 

49 

400683 

CPL LA20 3 




THER LANTHANIDE IONS 


JUSTICE. B WESTRUM 

63 

S 

8 

O 


YATSIMIRSKII. K B 

49 

400683 

CPL LA20 3 




THEO LANTHANIDES 



GOLDSTEIN. H 

68 

601661 


SCHENK. P 

49 

400679 

CPL LA20 3 




VAP LANTHANIDES 



GOLDSTEIN. H NEILS 

69 

700836 


ZADUMKIN. S TAMBIE 

61 

301020 

CRYS LA20 3 




ELCH LAT'TICE STRUCTURE 


KOEHLER. W WOLLAN 

63 

700764 


BETHE. H 

63 

301131 

CRYS LA20 3 




PHAS LA U O SYST 



JOHNSON. Q TEMPLET 

61 

700861 


HILL. D 

62 

201873 

CRYS LA20 3 




MPP LIGHT . 



lANDELLI. A 

66 

700697 


PLYLER. E BLAINE 

66 

600720 

OF LA20 3 




DH L120 



COUGHLIN. J 

64 

700914 


BERKOWITZ, J CHUPK 

69 

700892 

OH LA20 3 




MSP LI20 



HUBER. E HOLLEY, C 

63 

700900 


BERKOWITZ, J CHUPK 

69 

700892 

OH LA20 3 




THER LI20 



COUGHLIN. J 

64 

700914 


BERKOWITZ. J CHUPK 

69 

700692 

OH LA20 3 




VAP LI20 



WARTENBERG. H 

60 

700923 


FIRSOVA. L NESEMEY 

60 

200761 

DHD LA20 3 




MPP LIQUID METALS 



WALSH. P GOLDSTEIN 

60 

700624 


SAMARIN. A 

60 

400696 

H LA20 3 




CPH LIQUIDS 



BLOMEKE. J O ZIRGL 

61 

400662 


AFENKOV. N 

62 

301392 
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MPP LIQUIDS 

OROSSR, A 
THEO LIQUIDS 
EDWARDS. S 
THEO LIQUIDS 

GROSSE. A KIRSHENB 
THEO LIQUIDS 

GORDON, R 
THEO LIQUIDS 

GROSSE. A 
THEO LIQUIDS 

HIRSCHFELDER. J CU 
THEO LIQUIDS 

GRIGOROVICH. V 
THEO LIQUIDS 

GROSSE, A KIRSHENB 
THEO LIQUIDS 

PREDVODITELEV. A 
CPH LIQUIDS 

KUDRYAVTSEV. B 
CPL LU 

JENNINGS, L MILLER 
OH LU 

WHITE. D 
VAP LU 

WHITE, D WAI^SH. V 
VAP LU 

WHITE. D WALSH. P 
PHA8 LU B 2 

PRZYLYLSKA. M REDD 
CEMP LU B 6 

SAMSONOV, G PADERN 
VAP LU O 

KITLVARSHAYA, B MAS 


•1 301463 

62 301438 

02 301143 

61 202041 

63 202043 

64 202061 

60 301233 

63 301236 

63 301322 

62 300363 

60 201049 

61 201217 

61 301014 

60 301622 

63 300962 

69 300143 

60 301064 


M 


CRTS M O 

DUAN, F NAY BEN. M 63 

VAP MASS SPEC 

HILL, H REED. R 63 

MPP MATERIALS 

STEWARD, R JOHNSON 61 

PHA8 MATERIALS 

LOVE JOY. D 63 

REV MATERIALS 

KORNILOV, 1 POLYAK 63 

REV MATERIAl^S 

HAUCK,J 63 

REV MATERIALS 

BARTLETT. E 63 

THEO MELTING 

ARDELL. A 63 

THEO MELTING 


BABB.S 63 

THEO MELTINC; 

ROTT. L 

OF METAL BORIDES 

LANGER. S 

PHA8 METAL BORIDES 

LANGER. S 

THER METAL BORIDES 

LANGER. S 

VAP METAL liPRIDES 

LANGER. S 
OF METAL CARBIDES 

LANGER, S 61 

PHA8 METAL CARBIDES 

LANGER. S 61 

THER METAL CARBIDES 

LANGER. S 61 

VAP METAL CARBIDES 

LANGER. S 61 

•PK METAL COMPOUND 

KLIMOV, V 61 


62 


61 


61 


61 


61 


301213 

301243 

301698 

202067 

202080 

202048 

201997 

301174 

301177 

301331 

700939 

700939 

700939 

700939 

700939 

700939 

700939 

700939 

700670 


CEMP METAL OXIDES 

OREILLY. D 61 

OF METAL OXIDES 

GLEISER. M 61 

REV METAL OXIDES 

GLEISER. M 61 

E METALLIC COMPOUND 

SAMSONOV, G SHULIS 62 

BOOK METALLURGY 

VULF, B ROMADIN 62 

BOOK METALLURGY 

HUME-ROTHERY. W 62 

VAP METALS 

LYUBITOV. YU 69 

BETA METALS 

MITRA.S JOSHI.S 61 

CPM METALS 

LOWENTHAL. G 63 

CPM METALS 

PCHELKIN.I 61 

CPL METALS 

ELIASHBERG.G 62 

CPL METALS 

NITRA.S JOSHI.S 61 

CRV8 METALS 

SMALLMAN.R 63 

CTEX METALS 

HANAK, J DAANE, A 61 

OHO METAI^ 

SHUMSHOVA.O 62 

DHT METALS 

MORIN, F MAITA, J 63 

E METALS 

LADD, M- LEE. W 62 

MISC METALS 

MCCULLOUGH.R 62 

MPP METALS 

OSMININ, Y 62 

MPP METALS 

EREMENKO. V NIZHEN 61 

MPP METAl-S 

TIMOFEEVICHEVA. O 61 

MPP METALS 

MCQUEEN, R MARSH 60 

MPP METALS 

CHAUDRON.G 61 

MPP METALS 

GARBFR. R GINDIN 61 

M8P METALS 

VELISt'^ J 63 

THEO METALS 

LIBBY, W 62 

REV METAI^ 

COOPER, T SRP. O 63 

THEO METALS 

ENIG.J 63 

THEO METALS 

BREWER, L 63 

VAP METALS 

BURnrSEV, V SAMAHIN 62 

PH AS METALS 

TSARKV, B KUDINTSE 68 

PHA8 METALS 

NORTON. J OCULVIE 87 

REAC MKl/iLS 

MARKSTEM.H 83 

REAC METALS 

WILSON. B 60 

REV METALS 

SPEDDING, F DAANE 60 

REV METAl^ 

STADELMAIER. H 61 

REV METALS 

PECKNER. D 62 

REV METALS 

VAN ARKEL. A 62 

SURF METALS 

PUGACHEVICH. P LAZ 60 


700683 
700616 
700616 
300766 
301614 
202068 
301288 
700830 
300838 
300848 
300881 
700630 
301167 
201378 
301887 
301043 
300676 
301 TBI 
301162 
300637 
300840 
200777 
700867 
700873 
202182 
202088 
202019 
202030 
202008 
202012 
301101 
201086 
301632 
200896 
200863 
201386 
201844 
201 BBT 
200B7B 
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SURF METALS 




VAP MG 



STRAUSS. S 

60 

201066 


GOLDSMITH, A HIRSC 

60 

700930 

SURF METAl^ 




VAP MG 



MONMA, K 

60 

201440 


HANLIN, H 

60 

700961 

TCON METAl^ 




VAP MG 



POWELL, R BLANPIED 

64 

600906 


FRANZEN. J HINTENB 

61 

700970 

TCON METALS 




VAP MG 



LEBEDEV. V 

60 

200842 


GRJOTHKIM. K HERST 

61 

200990 

TCON METALS 




REAC MG B 



MENDELSSOHN, K ROS 

61 

201403 


MARKOUSKII, L KAPU 

62 

201722 

TCON METALS 




CRY8 MG B 2 



EW’INO, C WALKER. B 

62 

201768 


JONES. M MARSH. R 

64 

300909 

th«o M ET A LS 


h 


CRTS MG B 2 



KAUFMAN, L CLOUGHE 

63 

301496 


RUSSELL. V HIRST 

63 

300968 

TMEO METALS 




REAC Mc; B 6 



HARRISON, W 

63 

301468 


MARKOVSKII. L 

62 

301630 

THEO METALS 




REAC MG B12 



SAMOILOV. O 

61 

300639 


MARKOVSKII, L 

62 

301630 

THER METALS 




PHAS MG BORIDES 



ESIN. O SRYVALIN 

60 

300276 


CHRETIEN. A DUHART 

62 

300636 

THER METALS 




PHAS MC; B SYST 



WHITE. J 

60 

300318 


DUHART, P 

62 

300876 

THER METAl^ 




PHAS Mi; B SYST 



EDELEANU. C LITTLE 

60 

200838 


MARKOVSKII, L KOND 

66 

300942 

TRT METALS 




PHAS MG B SYST 



STRAITSS. S 

60 

201066 


MARKOVSKII. L KOND 

66 

300943 

TRT METALS 




CRYS MG C'E SYST' 



GOPAL. R MOHD 

62 

301461 


BELETSKII. M CiALPE 

61 

200827 

VAP METALS. ALKALI 




CRYS mi; IH SYST' 



SHPILRAYN, E ASINO 

62 

301099 


FERRO. R RAMBALDl 

62 

201626 

CPH METALS. LIQl^ID 




VAP MG N 



SOLTYK, V 

62 

301 1 66 


SMITH, J 

62 

201743 

REV METALS. LIQUID 




KIN 2 



FROST, B 

62 

301461 


DERR AS. R PAIHASSI 

62 

201918 

THER METALS. LIQUID 




THER M(;3N 2 



KIM, W 

62 

301499 


SI'HK’K, H ANTHROP 

63 

301679 

CPH M(; 




CRYS M(; N D S^ ST 



WILLIAMS. N N 

61 

700669 


BELETSKII. M U.Al.PK 

61 

200827 

CPL MG 




CPH MG O 



COLLINS. M 

62 

300870 


VTC'TOK. A DOUGLAS 

60 

700949 

CPL MG 




CPH M(; O 



MARTIN, D 

61 

300666 


FIELDHOU’SE. I LAN(; 

60 

601683 

MG 




CPL mi; o 



LAWLEY, A 

60 

200601 


VICTOR, A DOl'GLAS, 

60 

700949 

CRTS Mc; 




REAC MG (> 



GETTE, E FOOTE. F 

36 

700610 


KOMAREK. K COUI'OUL 

63 

301269 

CTEX MG 




REAC MG O 



BESSERER, C 

66 

700929 


RYABI'HIKOV, I MIKl 

62 

301 336 

DH MG 




REAC MG I) 



GOLDSMITH. A HIRSC 

60 

700930 


RYABUHIKOV, I MIKU 

63 

301337 

ERE8 MG 




TRT Mc; O 



BRIDGMAN, P 

61 

400633 


SCHNEIDER, S 

63 

301348 

MPP MG 




CPH MG O 



BESSERER. C 

68 

700929 


VK TOR. A D01T;LAS 

63 

301372 

PHA8 MG 




CPL MG O 



GOLDSMITH. A HIRSC 

60 

700930 


LIEN. W 

62 

201464 

PHA8 MG 




CRYS Mi; O 



BEREZHNOL A KORDY 

62 

201663 


COCCO, A SCHROMEK 

61 

201211 

REAC MG 




CTEX MG O 



EVSTYUKHIN. A 

60 

200862 


FIELDHOLSE, I LANG 

60 

601683 

RHO MG 




ERE6 MG O 



MCGONIGAL, P KIHSH 

62 

201632 


MIT OFF 

62 

201674 

8PK MG 




H M(; O 



CRISP. R WILLIAMS 

60 

201000 


VICTOR. A DOUGLAS 

60 

700949 

SPK MG 




MI8C MG O 



PENKIN, N SHABANOV 

62 

601601 


LADD. M LEE, W 

60 

201322 

SPK MG 




MPP MG O 



CODLING, K 

61 

600776 


WUENSCH, B VASILOS 

62 

201836 

TCON MG 




MPP MG O 



BESSERER, C 

66 

700929 


WUENSCH. B VASILOS 

61 

301016 

THER MG 




MPP MG O 



BARRIAULT, R DREIK 

62 

300666 


GANESAN. S 

62 

201660 

THER MG 




PHAS MG O 



DEWING. E 

60 

201204 


BflNZ, I DIETZEL, A 

62 

301472 

THER MG 




PHAS MG O 



WILLIAMS. N N 

61 

700669 


MASSAZZA. K 

61 

201293 

VAP MG 




REAC MG O 



FUJINO.SOKADA, M 

62 

301462 


LEONOV. A 

61 

301622 


2-718 



REAC MG O 

TOGIJRI, J 
REAC MG O 

GRJOTHEIM. K HKRST 
REAC MG O 

POLUNINA. G KOVBA 
REAC MG O 

SOLAGOLU, S 
8PK MG O 

NICHOLLS. R 
8PK MG O 

NAZIMOVA, N 
8PK M(i O 

ORTENBERG, F 
8PK MG O 

PESIC, n 
8PK MG O 

ORTENBERG. F 
8PK MC; O 

BREWER. L TRAJMA 
8PK M(; O 

BREWER. L TRO.IMAR 
SPK MG O 

PESIC, n 
SPK MG O 

VEITS. I GCRVICH 
SPK MG O 

LAGERQVIST. A l-HLE 
SPK Mc; O 

l.AliERQVlST. A i:HLE 
SPK MG O 

TRAJMAR. S 

SPK M(; O 

NAZIMOVA, N SOKOLO 

SPK M(j 

SOLOKOV. V NEZIMO\ 

TCON M<; C) 

FlECOHOrSE. I LANG 
TCON MC. O 

AOAMS, M 
THEO MG O 

TAWUE, N SKEEDHAHA 
THER MC; O 

SCHK'K. H AN rHROP 
TRT M(; O 

MCNALLY. R PETERS 

vAP Mr; o 

ME'l'SON. C. 

VAP M(; o 

ALTMAN, R 
VAP M(; O 

{'.ILBREATH. J 

CPH Mr; o 

VIC TOR. A 1)01 c;las 
CEMP MG OXIDES 

PAL(;i’EV. S NECEJMI 

DMD MG OXIDES 

VEITS, I (;rRVI(’H 
TMER Mr; OXIDES 

DEWING. E 
TMER Mr; OXIDES 

VEITS. I r;DRVI( H 
CEMP Misr’ 

KISER, R 
CPH MISC 

NAGASAKI, S TAKAr.l 
CPL MISC 

barber. S MARTIN 
DM MISC 

BARANOVSKY. V 
OF MISC 

ANON 

ELCM MISC 

STERN, K 
FMF MISC 

GERASIMOV, V (".ROMO 
MPP MISC 

SMIRNOVA, V ORMONT 


SO 

201009 

61 

200990 

61 

201624 

61 

201694 

62 

601626 

60 

201227 

61 

300821 

60 

701002 

61 

300795 

62 

201780 

62 

300788 

60 

600666 

67 

600899 

49 

600923 

49 

600924 

61 

700962 

61 

700671 

60 

201622 

60 

601 683 

64 

600961 

62 

300782 

62 

300996 

61 

600828 

63 

301636 

63 

300844 

66 

601274 

60 

202163 

62 

201717 

66 

700964 

60 

201204 

66 

700964 

60 

200784 

48 

400698 

69 

600660 

62 

300366 

60 

300226 

300306 

61 

300446 

60 

300267 


MPP MISC 

WICHEKS. E 
MPP MISC 

KIRILLIN. V VUKALO 
MPP MISC 

GOLDANSKIY, V KAGA 
MPP MISC 

TRETYACHENKO, G KR 
MSP MISC 

JENCKLE. L 
MSP MISC 

BRYUKAHNOV. a GOLD 
MSP Misr: 

alekseyevskiy, n 

PHA8 MISC 

TISZA. L 
PM CM MISC 

EVERHART. .1 LINDLI 
SPK MISC 

HERTZBERG. G 
SPK MISC 

MA.UJMDAR, K VAKSHN 
SPK MISC 

MAJDMDAK. K VARSHN 
SPK Misr: 

MAJIJMDAR. K VAKSHN 
SPK MISC 

MAJIIMDAH, K VARSHN 
SPK MISC 

VAHsHNl, Y MAJCMDA 
SPK MISC 

¥ EHKAR(3, J K 
THEO MISC 

MASLOV, P MASLOV 
THEO Misr: 

KLICCHMKOV, N 
THEO MISC 

AFANASYEV. A 
THEO MISC 

HADYLKES. I 
THEO MISC 

KAHOPETYAN TS. M 
THER MISC 

ANON 

THER MlSr' 

HECH T. C 
THER MISC 

TISZA 1. 

VAP MISC 

Kr^ML . G VETRENKO 

ZKP MISC 

BAIBCZ. V 
CRYS MN 

KH^ ISYAKEVir H, P 
OH M N 

r;r)LDSMiTH, a hirsc 
ERES MN 

NOVIKOV. A rVSPIN 
PH AS MN 

TOPCHIASHVILI, L 
PH AS MN 

r.OLDSMlTH. A HIRSC 
SPK MN 

GOODMAN. N r^ L D E K E 
SPK MN 

ROSENZWEIC;, N PORT 
SPK MN 

ROSEN ZWEIG. N PORT 
SPK MN 

Ml’HAKAWA. K KAMEl 
THEO MN 

ROSENZWEIC-. N PORT 
THEO MN 

ROSENZW EIG. N PORT 
TMER MN 

SCHICK. H ANTHROP 
TMER MN 

BUTLER. J F MCCABE 


62 

300389 

61 

300378 

60 

400689 

61 

400610 

61 

300322 

62 

400614 

68 

400600 

61 

700692 

43 

600907 

69 

200786 

64 

600686 

54 

600887 

64 

600888 

64 

600889 

66 

600896 

61 

700671 

61 

700638 

60 

300747 

61 

400603 

61 

700693 

61 

700617 

60 

300226 

62 

300365 

61 

700692 

68 

300421 

62 

300601 

60 

600698 

60 

700930 

69 

201632 

60 

201238 

60 

700930 

62 

300789 

60 

700901 

60 

700996 

63 

601218 

60 

700996 

60 

700901 

62 

300996 

61 

700629 


2-719 



VAP MN 



CRY8 MN O 2 



GOLDSMITH. A HIRSC 

60 

700930 

KONDRASHEV, Y 

81 

700942 

VAP MN 



MPP MN O 2 



HANLIN. H 

SO 

700961 

SRB. V 

81 

201083 

VAP MN 



MPP MN O 2 



BUTLER, J F MCCABE 

81 

700829 

GATTTOW. G GLEMSER 

81 

700678 

REAC MN B 



PMA8 MN O 2 



MARKOVSKII, L 

82 

301630 

KONDRASHEV. Y 

61 

700942 

CRY8 MN B 2 



PMA8 MN O 2 



ARONSSON. B 

80 

201380 

GATTOW. G GLEMSER 

61 

700678 

CRV8 MN B 2 



PMA8 MN O 2 



BINDER. 1 POST. B 

80 

200779 

FISHBURN. H PILL 

81 

201380 

REAC MN B 2 



PMA8 MN O 2 



MARKOVSKII. L 

82 

301630 

BHIDE. V DAMLE. R 

81 

201698 

MPP MN B 4 



REAC MN O 2 



FRUCHART. R MICHEL 

80 

300241 

GATTOW. G GLEMSER. 

81 

700678 

PHA8 MN B P SYST 



TRT MN O 2 



RUNDQVIST. S 

82 

300648 

GATTOW, G GLEMSER 

81 

700678 

CPL MN BR2 



CRV8 MN30 4 



STOUT. J 

68 

201122 

SATOMA. K 

81 

201026 

REAC MN2B 



REAC MN OXIDES 



MARKOVSKII. L 

82 

301630 

ANIKEEV. V LYUBAN 

80 

201036 

REAC MN3B 4 



DHD MN OXIDES 



MARKOVSKII. L 

82 

301630 

ANIKEEV. V LYUBAN 

80 

201036 

ELCH MN BORIDES 



VAP MN OXIDES 



ALENARD. S 

81 

201402 

GLEMSER, O WEIZENK 

81 

201441 

CEMP MN B SYST 



THER MN OXIDES 



CADEVILLE. M MEYER 

82 

202013 

BLUMENTHAL. R WHIT 

81 

800829 

CRY8 MN5C 2 



ELCH MN OXIDES 



SENATEUR, J FRUCHA 

82 

201967 

BLUMENTHAL. R WHIT 

81 

800829 

TMER MN7C 3 



EREt MN O SYST 



GOKCEN. N FUJISHIR 

83 

301468 

BHIDE. V DANI. R 

61 

201324 

THER MN7C 3 



MPP MN O SYST 



ANON 

80 

700992 

GATTOW. G GLEMSER 

81 

700677 

THER MN7r 3 



PHA8 MN O SYST 



BUTLER, J F MCCABE 

81 

700829 

KLINGSBERG. C RUST 

80 

700618 

TMER MN7C 3 



REAC MN O SYST 



ANON 

80 

700904 

GATTOW. G GLEMSER 

81 

700677 

VAP MN7C 3 



PHA8 MN RE SYST 



ANON 

80 

700904 

SAVITSKII. E TYLKI 

81 

700826 

ZAP MN7C 3 



THER MN SI SYST' 



ANON 

80 

700992 

(iOLUT’VIN. KOZLON 

83 

301228 

VAP MN7C 3 



PHA8 MN SI B SYST 



ANON 

80 

800888 

ARONSSON. B ENGSTH 

80 

201348 

VAP MN7C 3 



PHAS MN SI O SYST 



BUTLER. J F MCCABE 

81 

700829 

SINGLETON. E CARPE 

82 

201660 

OF MN23C6 



PHAS MN TA SYST 



ALEXEEV. V SCHWARZ 

81 

300406 

SAVITSKII. E KAPET 

80 

201 701 

TCON MN F 2 



PHAS MN TI SYST 



SLACK. G 

81 

201126 

SAVITSKII. E KOPKT 

80 

201281 

DH MN N SYST 



PHAS MN TI ZR O SYST 



SHCHUKAREV. S MORO 

81 

700888 

WYDER. W HOCH. M 

82 

300648 

PHA8 MN N SYST 



OH MN W O SYST 



LIHL, F ETTMAYER 

82 

301026 

PROSHINA. Z 

80 

201249 

TMER MN N SYST 



PHA8 MN ZR SYST 



AGLADZE, R I MANPO 

81 

700661 

SAVITSKII, E KOPET 

80 

201281 

REAC MN N SYST 



SETA MO 



AGLADZE. R I MANP 

81 

700861 

KRUPNIKOU. K BAKAN 

83 

301149 

CRY8 MN O 



BIB MO 



HOCH. M 

83 

301477 

WENSRICH, C 

80 

700972 

CRY8 MN O 



BIB MO 



BIRCHENALL. C 

80 

200776 

WOHLL, M 

80 

700723 

OHO MN O 



BIB MO 



HULDT. L LAGERQVIS 

62 

800784 

RICHERT, E BECKETT 

49 

700684 

PHA8 MN O 



CEMP MO 



BREWER. L 

49 

801833 

COMSA, G GELBERG 

81 

700940 

PHA8 MN O 



COPT MO 



GATTOW.G 

82 

201768 

COFFMAN, J COULSON 

81 

701040 

8PK MN O 



CPH MO 



LOH. E NEWMAN. R 

81 

700628 

JOHNSON. R 

80 

301488 

8PK MN O 



CPH MO 



JOSHI. K 

82 

201984 

RASOR, N MCCLELLAN 

80 

700984 

THER MN O 



CPH MO 



SCHICK. H ANTHROP 

82 

300996 

KIRILLIN. V 8HEIND 

81 

300921 

CEMP MN O 2 



CPH MO 



SRB, V 

81 

201088 

RUDKIN. R 

80 

700898 

CRY8 MN O 2 



CPH MO 



VEDAM.K 

81 

700981 

FINCH. R 

81 

700847 


2-720 



CPM MO 

KIRILLIN. V SHEIND 
CPH MO 

HASOR. N MCCLELLAN 
CPM MO 

CHEKHOVSKOl. V 
CPH MO 

LEHMAN. G 
CPH MO 

KIRII.LIN. V SHEIND 
CPM MO 

KARAREYA. L 
CPH MO 

KIRILLIN. V SHEIND 
CPH MO 

KIRILLIN. V SHEIND 
CPM MO 

TAYLOR. R 
CPH MO 

BRONSON. H ( HISHOL 
CPM MO 

LAZAREVA. L KAN'IOK 
CPL MO 

FINCH. R 
CPL MO 

CHEKHOVSKOL V 

CPL MO 

BOHELIUS. r, 

CPL MO 

TAYLOR. R 
CPL MO 

(.'LARK, (' 

CPL MO 

KEATHER8TON. F NKI 
CPL MO 

HKYAN'l , C KI:E.'^OM 
CPL MO 

SHARAN, B 
CRYS MO 

COFFMAN. .1 ( (M LSON 
CRYS MO 

EDV\ ARDS. J SPEISER 
CRYS MO 

(;E I TE. E FOO I E. F 
CRYS MO 

LC, S t‘HAN(L Y 
CRYS MO 

AGiiAHWAL. r (.OSWAM 
CRYS MO 

MAI YILSHENKO. N 
CTEX MO 

RASOR. N M<T'LELI,AN 
CTEX MO 

EDWARDS, ,I SPEISER 
CTEX MO 

BESSEHER, (' 

CTEX MO 

NOWOTNY. H LAI BE 
DH MO 

KIRILLIN. V SHEIND 
DF MO 

COFFMAN, J COl LSON 
ERE8 MO 

TAYLOR. R 
ERE8 MO 

TYE. H 
ERE8 MO 

RUDKIN, R 
ERE8 MO 

FINCH. R 
ERC8 MO 

BRIDGMAN. P 
ERES MO 

MARGOTIN. P DURAND 
H MO 

KIRILLIN. V SHEIND 
MISC MO 

HAMPEL. C 


62 

300734 

60 

700896 

62 

300633 

60 

300304 

61 

300332 

61 

300344 

61 

300426 

62 

601 664 

61 

201260 

33 

700661 

61 

700631 

61 

700647 

62 

300633 

60 

601168 

61 

201260 

62 

601 663 

63 

301444 

61 

600831 

61 

301070 

61 

701040 

61 

601 1 79 

36 

700610 

41 

700612 

67 

700614 

62 

301160 

60 

700984 

61 

601 1 79 

68 

700929 

61 

600844 

62 

601664 

61 

701040 

61 

201260 

61 

201117 

60 

700898 

61 

700647 

61 

400633 

62 

201863 

61 

300921 

61 

200889 


MPP MO 

HOUCK. J 
MPP MO 

RASOR. N MCCLELLAN 
MPP MO 

KOPETSKIY. CH. 

MPP MO 

MING, N FAN. T LI 
MPP MO 

BESSEHER. C 
MPP MO 

ARGENT, B MILNE, G 
MPP MO 

RICHEHT, E BECKETT 
MPP MO 

BADIALI. M KIRSHEN 
PHA8 MO 

COFFMAN, J COULSON 
PHAS MO 

SHAFFER, P 
PHAS MO 

BRILLIANTOV, N STA 
PHAS MO 

BRILLIANTOV. N STA 
PHAS MO 

HAWORTH. C 
PHAS MO 

Kl^NKE. V NOVIKOVA 
REAC MO 

FRAN rSEVICH, I LAV 
REAC MO 

KOMAR. A TALANIN 
REAC MO 

DEI- l .sCH, N ERVIN 
REAC MO 

Kl^HASCHEWSKl. O HO 
REAC MO 

EREMENKO. V VELIKA 
REAC MO 

ENG ELK E. J HALDEN 
REAC MO 

V EROT. J FORESTIER 
REAC MO 

ZELIKMAN. A KREIN 
REAC MO 

ANDREEVA, V ALEKSK 
REV MO 

SYHE, R 
REV MO 

WOHLl 
REV ‘.O 

RICHER!. E BECKETT 
SPX MO 

ALLEN, R GLASIEK 
S P K MO 

HOGOSA, C. SCHWAF^Z 
SPK MO 

SHADMl. Y 

SPK MO 

CLAl-S. G CLMER. K 
SPK MO 

TREES. R 
SPK MO 

ROSEN ZWEK. N PORT 
SPK MO 

SWEENEY. W ^>EAL. R 
SURF MO 

RUDKIN. R 
TCON MO 

Rl DKIN, R 
TCON MO 

BESSEHER. C 
TCON MO 

RASOR, N MCCLELLAN 
TCON MO 

RASOR. N MCCLELLAN 
TCON MO 

TYE. R 


61 

701003 

60 

700890 

02 

301270 

03 

301304 

68 

700929 

60 

201039 

49 

700664 

63 

301404 

61 

701040 

61 

700941 

61 

300807 

61 

300807 

60 

201017 

62 

201704 

69 

200869 

60 

200843 

60 

600123 

60 

201038 

69 

201279 

00 

201629 

61 

201628 

62 

201861 

62 

201814 

61 

201679 

60 

701063 

49 

700684 

00 

200828 

63 

600124 

61 

700964 

63 

202017 

61 

701067 

60 

700996 

61 

201112 

60 

700898 

60 

201901 

68 

700929 

60 

700896 

60 

700984 

61 

201117 


2-721 



TCON MO 

LEBEDEV. V 
THEO MO 

ROSENZWEIG. N PORT 
THER MO 

RASOR. N MCCLELLAN 
VAP MO 

BABELIOWSKY.T 
VAP MO 

CANO, G 
VAP MO 

COFFMAN, J COULSON 
VAP MO 

GLEMSER, O HAESELE 
PHA8 MO AL C 

JEITSCHKO, W NOWOT 
H MO B 

MEZAKI, R TILLEUX 
S MO B 

MEZAKI. R TILLEUX 
H MO B 2 

MEZAKI. R TILLEUX 
PHA8 MO B 2 
FORELIK, C YELYUTI 
8 MO B 2 

MEZAKI. R TILLEUX 
CRY8 MO B 2 

GORELIK. C ELYUTIN 
DH MO B 4 

SHCHUKAREV, S VASI 
PHAS MO B 4 

CHRETIEN. A HELGOR 
H M02B 

MEZAKI. R TILLEUX 
8 M02B 

MEZAKI. R TILLEUX 
MPP M02B 5 

MALYUCHKOV. O POVI 
EMF MO BORIDES 

BECK. W 

REAC MO B SYST 

Samsonov, g strash 
CEn4P mo C 
INGOLD, J 
CRYS MO C 

CLOUGHERTY, E LOTH 
CRYS MO C 

KOVALSKII. A SEMEN 
CRYS MO C 

KAYE. G 
PHAS MO C 

CLOUGHERTY. E LOTH 
PHAS MO C 
NADLER, M KEMPTER 
CPH M02C 

NEEL, D PEARS. C 
CRYS M02C 

FRIES. R KEMPTER 
CRYS M02C 

PARTHE, E 
DF M02C 

GLEISER. M CHIPMAN 
PHA8 M02C 
NADLER. M KEMPTER 
THER M02C 

SCHICK. H ANTHROP 
THER M03C 2 

SCHICK. H ANTHROP 
OF MO C SYST 

GLEISER. M CHIPMAN 
THER MO C SYST 

CUNNINGHAM. G WARD 
OF MO C SYST 

ALEKSEEV. V SHVART 
REAC MO C SYST 
SAMSONOV. G STRASH 
THER . MO C SYST 
ALEKSEEV. V SHVART 


61 

201312 

60 

700996 

60 

200960 

62 

300868 

62 

301423 

61 

701040 

62 

201927 

63 

301486 

62 

601617 

62 

601617 

62 

601617 

62 

300884 

62 

601617 

62 

301230 

61 

201413 

61 

201084 

62 

601617 

62 

601617 

62 

202096 

61 

300477 

62 

300990 

63 

301261 

61 

600843 

69 

201671 

62 

201909 

61 

600843 

60 

300301 

61 

300146 

60 

701000 

62 

601630 

62 

301063 

60 

700903 

63 

301680 

63 

301680 

62 

300607 

63 

301208 

62 

300846 

62 

300990 

62 

300846 


THER M6 CARBONYLS 


KAWAI. K MURATA. H 60 

REAC MO CE 

GAVMEMAHN, F BLANC 62 

8PK MO CL5 

BADER. R 61 

OH MO F 6 

SETTLE. J FEDER. H 61 

8PK MO F 6 

CLAASSEN. H SELIG 62 

PHAS MO HF SYST 

TAYLOR. A 61 

THER MO HALIDES 

SHCHUKAREV. S VASI 61 

THER MOLECULES 

SEIGEL. B SEIGEL 63 

8PK MONATOMIC GASES 

JUDD, B 62 

THER MONATOMIC GASES 

GORDON, J 61 

THER MONATOMIC GASES 

POLAND, D GREEN. J 62 

THER MONATOMIC GASES 

GURVICH. L KVLIVDZ 61 

THER MONATOMIC' GASES 

GURVICH. I KVLIVID 62 

S MONATOMIC IONS 

VDOVENKO. U SUGLOB 68 

CRYS MO N 

TROITSKAMA. N PINS 63 

CRYS MO N 

TRGITSKAYA, N PINS 69 

MPP MO N 

SAMSONOV, G VERKHO 62 

CEMP MO NITRIDES 

SAMSONOV. C; 60 

DH MO NITRIDES 

SAMSONOV, c; 60 

REV MO NITRIDES 

SAMSONOV, G 60 

PHAS MO N SYST 

TROITSKAYA. N V PI 61 

CRYS MO O 

MAG NELL A 60 

MSP MO O 

DEMAUA, G BURNS. R 60 

CRYS MO O 2 

CHANEY, W 61 

THER MO O 2 

RAPP, R 63 

DF MO O 2 

GLEISER, M CHIPMAN 62 

DH MCJ O 2 

KRESTOVNIKCJV, A 62 

MSP MO O 2 

DEMAUA, G BUrCNS. R 60 

REAC MO O 2 

KOZMANOV, Y 60 

VAP MO O 2 

PLANTE. E R 60 

CRYS MO O 3 

CHANEY, W 61 

CRYS MO O 3 

YODA, E 60 

DF MO O 3 

GLEISER. M CHIPMAN 62 

DF MO O 3 

ACKERMANN, A THORN 60 

DH MO O 3 

KRESTOVNIKOV, A 62 

KIN MO O 3 

VASILEV. K STOICHK 66 

MSP MO O 3 

DEMAUA. G BURNS. R 60 

REAC MO O 3 

FUNAKI. K TADAHARU 60 

REAC MO O 3 

VASILEV K STOICHK 68 


200806 
201620 
201260 
300740 
201864 
201207 
201469 
301361 
300804 
300639 
300768 
300467 
400602 
601166 
202147 
200868 
300997 
700947 
700947 
700947 
700601 
600617 
601 163 
701068 
301326 
301063 
300930 
601163 
201006 
300141 
701068 
600866 
300607 
601174 
300930 
200996 
601163 
600117 
200996 
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VAP MO O 3 

HOERBE, R KNACKE 61 

VAP MO O 3 

GULBRANSEN. E 63 

VAP MO O 3 

SPITSYN, V ZIMAKOV 61 

REAC M030 

KIHLBORG. L 62 

PHAS MO OXIDE 

KIHLBORG. L 69 

CPH MO OXIDES 

KING. E WELLER. W 60 

CPL MO OXIDES 

KING. E WELLER. W 60 

CRV8 MO OXIDES 

OZEROV. R 66 

DHT MO OXIDES 

KING. E WELLER. W 60 

PMAS MO OXIDES 

KING. E WELLER. W 60 

S MO OXIDES 

KING, E WELLER, W 60 

THER MO OXIDES 

KING, E WELLER. W 60 

PMAS MO O SYST 

RODE. E LYSANOVA 62 

CRYS MO O SYST 

KIHLBORG.L 63 

KIN MO O SYST 

GULBRANSEN. E 63 

PHAS MO O SYST 

ANON 60 

VAP MO O SYST 

ANON 60 

REAC MO O C SYST 

HEGKDUS, A iNi^UflEBR 60 
PHAS MO OS 

TAYLOR. A DOYLE. N 62 

PHAS MO RE SYST 

FEN(;. (' LEVESQUE 61 


PHAS MO RH SYST 

ANDERSON. E HUME R 60 
PHAS MO RU SYST 

ANDEFtSON. E HUME R 60 
ERES MO S12 


NESHPOR, V SAMSONO 62 

THER MO SI 2 

BOLGAR. A 61 

VAP MO SI2 

BOLGAR, A 61 

ERES M03SI 

NESHPOR, V SAMSONO 62 

ERES M05SI3 

NESHPOR. V SAMSONO 62 

VAP MO SI SYST 

HASAPIS, A MELVEGE 61 

PHAS MO TI ZR SYST 

HOCH, M DES^JARDIN 62 

PHAS MO V SYST 

KORNILOV. I POLYAK 61 

PHAS MO V C SYST 

RUDY, E RUDY. E 62 

DHT MO X2 

SHUKUROV, T NIKOLS 61 

DHT MO X3 

SHUKUROV, T NIKOLS 61 

PHAS MO ZR C SYST 

WALLACE. T GUTIERR 63 


300461 

300891 

301693 

202068 

201174 

700973 

700973 

701064 

700973 

700973 

700973 

700973 

201843 

301498 

301466 

701016 

701016 

200789 

301026 

300630 

200969 

201071 

301037 

700938 

700938 

301037 

301037 

701039 

300899 

201242 

900222 

201907 

201907 

301376 


N 


CEMP N 


SAMSONOV, G NESHPO 

69 

201062 

SPK N 



BAER. P MIESCHER 

62 

600729 


8PK N 

PILCHER. G SKINNER 
THER N 

GERSH, S 
CPH N 2 

WILLIAMS, N N 
DH N 2 

GLOEKLER 
DHD N 2 

LOFTHUS, A 
DHD N 2 

BROOK. M KAPLAN, J 

DHD N 2 

CARIO, G REINECKE. 
DHD N 2 

DOUGLAS. A HERZBER 
DHD N 2 

FARBER, M DARNELL 
DHD N 2 

HENDRIE, J 
DHD N 2 

LINDHOLM. E 
DHD N 2 

TOENNIES, J GREENE 
H N 2 

BOND, W 
PHAS N 2 

PANNETIER, G MARSI 
SPK N 2 

PANNETIER. G MARSI 
SPK N 2 

CARROLL, P 
SPK N 2 

CARROLL, B SAYERS 
SPK N 2 

WOLFSBERG. M 
SPK N 2 

BRYAH, R HOLT. R 
SPK N 2 

NICHOLLS, R REEVES 
SPK N 2 

WATANABE. K MARMO 
SPK N 2 

LOFTHUS. A 
SPK N 2 

ASTOIN, N GRANIER 
SPK N 2 

BRANSCOMB, L 
SPK N 2 

CARROLL, P RUBALCA 
SPK N 2 

CARIO. G REINECKE 
SPK N 2 

CARROLL, B 
DHD N 2 

CHRISTIAN. R Dl^FF 
SPK N 2 

CARROLL. B ROBALEA 
SPK N 2 

BAER. F MIESCHER 
SPK N 2 

DOUGLAS. A 
SPK N 2 

DRESSLER. K 
SPK N 2 

FEAST. M 
SPK N 2 

GRIIN, A 
SPK N 2 

HENDRIE. J 
SPK N 2 

HEPNER. G HERMAN 
SPK N 2 

HERMAN, L HERMAN 
SPK N 2 

HERMAN. R WENIGER 
SPK N 2 

HERMAN. R 


62 

301044 

47 

900216 

61 

700669 

61 

. 300636 

60 

600668 

64 

600671 

60 

600673 

61 

600677 

63 

600679 

66 

600682 

64 

600690 

67 

600600 

60 

600664 

61 

600860 

61 

600860 

63 

301424 

63 

600646 

63 

600646 

67 

600649 

69 

600662 

66 

600667 

60 

600668 

67 

600569 

61 

600670 

59 

600672 

60 

600673 

68 

600674 

56 

600676 

60 

600693 

62 

600729 

62 

600676 

69 

600678 

61 

600680 

66 

600681 

66 

600682 

67 

600683 

62 

600684 

62 

600686 

62 

600686 
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SPK N 2 

JANIN. J 
SPK N 2 

KISTIAKOWSKY. G WA 
SPK N 2 

LEBLANC. F TANAKA 
SPK N 2 

LOFTHUS, A 
SPK N 2 

LOFTHUS. A 
SPK N 2 

LOFTHUS, A MULLIKE 
SPK N 2 

MUSCHLITZ, E GOODM 
SPK N 2 

OGAWA, M TANAKA. Y 
SPK N 2 

OGAWA, M TANAKA. Y 
SPK N 2 

SAYERS. D CARROLL 
SPK N 2 

STOICHEFF. B 
SPK N 2 

TANAKA. Y 
SPK N 2 

VANDERSLICE. J MAS 
SPK N 2 

WILKINSON. P 
SPK N 2 

WILKINSON. P MULLI 
SPK N 2 

WILKINSON. P 
SPK N 2 

WILKINSON. P 
SPK N 2 

WORLEY. R 
SPK N 2 

DIELSE. G HEATH. D 
THER N 2 

WILLIAMS. N N 
SPK N 2 

BAER, P MIESCHER 
THER N H 3 

PHILLIPS. J WHITE 

OH NO 

KOERNER. W DANIELS 
OHO N O 

BROOK. M KAPLAN, J 
SPK N O 

BAER. P MIESCHER 
SPK N O 

BAER. P MIESCHER 
SPK N O 

BAER. P MIESCHER 
SPK N O 

PALIK. E RAO. K 
SPK N O 

TANAKA, Y 
SPK N O 

FLETCHER, W BEGUN 
SPK N O 

UEDA. M 
SPK N O 

THOMPSON. H GREEN 
SPK N O 

TANAKA. Y SEYA, M 
SPK N O 

SHAW. J 
SPK N O 

OGAWA. M 
SPK N O 

OGAWA. M 
SPK N O 

TANAKA. Y 
SPK N O 

OGAWA. M 
SPK N O 

NICHOLS. N HAUSE 


60 000687 

68 800688 

68 000689 

66 600691 

67 600692 

67 600693 

53 600694 

69 600696 

60 600696 

63 600697 

64 600698 

66 600699 

69 600601 

67 800602 

67 600603 

60 600604 

59 600606 

63 600606 

60 600618 

61 700669 

63 600730 

62 600892 

62 600746 

64 600671 

62 600729 

63 600730 

61 600728 

68 600717 

64 600883 

67 600763 

66 600762 

66 600761 

61 600760 

66 600769 

63 600768 

66 600767 

64 600766 

66 600766 

66 600764 


SPK N O 

MIGEOTTE. P ROSEN 
SPK N O 

MIGEOTTE. P ROSEN 
SPK N O 

MIGEOTTE. P 
SPK N O 

NICHOLLS. R 
SPK N O 

MIESCHER. E 
SPK N O 

MIESCHER, E 
SPK N O 

MARYOTT, A KRYDER 
SPK N O 

MARMO, F 
SPK N O 

LAGERQVIST, A MIES 
SPK N O 

HERZBERG, G LAGERQ 
SPK N O 

GALLAGHER, J KING 
SPK N O 

GALLAGHER. J JOHNS 
SPK N O 

GALLAGHER, J BEDAR 
SPK N O 

FEAST, M 
SPK N O 

DEEZSI. I MATRIN 
SPK N O 

DEEZSI. I 
SPK N O 

DEEZSI. I 
SPK N O 

BURRUS, C GRAYBKAL 
SPK N O 

BURRUS, C GORDY, W 
SPK N O 

BERINGER, R RAUSON 
SPK N O 

BARROW. R MIESCHER 
SPK N O 

SUTCLIFFE, L WALSH 
THER N O 

BIGELEISEN, J 
VAP N O 

BIGELEISEN, J 
SPK N O 

BAER. P MIESCHER 
SPK N 20 

PALIK. E RAO. K 
SPK N 20 

RANK, D EASTMAN. D 
SPK N 20 

TIDWELL. E 
CPM N 20 4 

HISATSUME, J 
S N 20 4 

HISATSUME. J 
SPK N 20 4 

JACAB, J 
SPK N 20 4 

HISATSUME, J 
2KP N 20 4 

JACOB, J 

BIB NITRIDES 

EHL. R 

CEMP NITRIDES 

KUBASCHENSKl. O 
CEMP NITRIDES 

GOODMAN. P HOMONOF 
CEMP NITRIDES 

SCLAR.N 

MISC NITRIDES 

STRASHINSKAYA. L 
MPP NITRIDES 

POPOVA, O KABANNIK 


46 600762 

60 600763 

46 600761 

62 601626 
66 600760 

66 600749 

69 600748 

63 600747 

68 600746 

66 600744 

66 600743 

66 600742 

64 600741 

60 600740 

67 600739 

68 600738 

66 600737 

68 600736 

63 600736 

64 600734 

67 600733 

63 600732 

600799 

60 600799 

63 600730 

66 600717 

61 600836 

60 600921 

69 600807 

69 600807 

69 600808 

69 600807 

69 600808 

69 201141 

68 601642 

81 301460 

81 300682 

82 201790 

82 300960 
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PMA8 NITRIDES " 



ERE8 NB 



PORTNOY, K 

60 

700944 

BERLINCOURT, T 

69 

601666 

REAC NITRIDES 



8PK NB 



SAMSONOV, G VERKHO 

69 

201280 

CLAUS, H ULMER, K 

63 

202017 

REV NITRIDES 



REAC NB 



REPENKO. K 

62 

301329 

KOFSTAD, P 

62 

202074 

REV NITRIDES 



ERE8 NB 



EICK, H 

61 

301439 

TYE. R 

61 

201117 

REV NITRIDES 



H NB 



EHL. R 

69 

201141 

GELD. P KUSENKO, F 

60 

600803 

SURF NITRIDES 



KIN NB 



ZADUMKIN. S 

61 

201849 

ARZHANYI, P VOLKOV 

62 

201976 

TCON NITRIDES 



KIN NB 



LVOV,S 

61 

300937 

ARZHANYI, R VOLKOV 

61 

201401 

THER NITRIDES 



MI8C NB 



OLIVER, R BAIER, R 

63 

301314 

HAMPEL, C 

61 

200889 

TMER NITRIDES 



MI8C NB 



LIUTAIA, M BUKHANE 

62 

2020B8 

WADSLEY, A 

61 

201100 

THER NITRIDES 



MPP NB 



KUBASCHENSKI. O 

66 

601642 

ZAKHAROVA, G POPOV 

61 

301021 

REAC N TH SYST 



MPP NB 



GERDS, A MALLETT 

64 

600986 

HARRIS, W 

61 

201239 

REAC N U SYST 



MPP NB 



MALLETT. M GERDS 

66 

600986 

ZAKHAROVA, G MISHI 

59 

301022 

CEMP NA C 



MPP NB 



BONDARENKO, B ERMA 

62 

301409 

RICKERT. E BECKETT 

49 

601638 

BOOK NB 



MPP NB 



SAMSONOV. G KONSTA 

61 

301 670 

RILEY, W MCCLELLAN 

62 

301080 

CPH NB 



MPP NB 



JOHNSON, R 

60 

301488 

ARGENT. B MILNE. G 

60 

201039 

CRYS NB 



PHAS N B 



BOONE. D WERT. C 

63 

301410 

STORMS. E KRIKORIA 

60 

700960 

MPP NB 



PHAS NB 



FUERICHS. R 

62 

301450 

SHAFFER, P 

61 

700941 

MPP NB 



PHAS NB 



EVSTYUKHIN, A NIKI 

62 

301442 

HAWORTH. C 

60 

201017 

PHAS NB 



PHAS NB 



BABITZKE, H ASAI 

62 

201988 

SAVTTSKII. E BARON 

68 

201346 

BIB NB 



PHAS NB 



ANON 

60 

701022 

WYDER. W HOCH. M 

62 

201681 

BIB NB 



PMCH NB 



WENSRICH. r 

60 

700972 

BOLEF, D 

61 

200936 

BIB NB 



PREP NB 



WOHLL, M 

60 

700723 

MILLER. G 

62 

201943 

CEMP NB 



REAC NB 



RICKERT, E BECKETT 

49 

601638 

MILLER, G 

60 

200834 

MPP NB 



REAC NB 



KOPETSKIY. ( H 

62 

301270 

FAIRBROTHER. F COW 

69 

200886 

THER NB 



REAC NB 



KRAFTMAKHER. YA 

63 

301279 

ONG, J FASSELL, W 

62 

601683 

CPH NB 



REAC NB 



CARTER, W 

61 

601638 

DEUTSCri. N ERVIN 

60 

600123 

CPH NB 



REAC NB 



GELD. P Kl’SENKO. F 

60 

600803 

KOFSTAD, D KJOLLES 

60 

201962 

CPL NB 



REAC NB 



CLUSIGS, K FRANZOS 

60 

700987 

KOFSTAD, P KJOLLES 

61 

201010 

CPL NB 



REAC NB 



DAUNT. J OLSEN. J 

61 

701027 

KUBASCHEWSKI. O HO 

60 

201038 

CPL NB 



REAC NB 



BOORSE. H HIHSHFEL 

60 

600661 

SCHAFER, H SIBBING 

60 

201086 

CPL NB 



REAC NB 



BORELIUS. G 

60 

601168 

ARKHAROV, V GERASI 

61 

300649 

CPL NB 



REAC NB 



HIRSH FELD, A LEl'PO 

62 

201933 

ESTl 1 IN, G BimOVA 

61 

300662 

CRYS NB 



REAC NB 



STORMS. E KRIKORIA 

60 

700980 

Hl^RLEN. T 

61 

700642 

CRY8 NB 



REAC NB 



EDWARDS. J SPEISER 

61 

601179 

ENGELKE, J HALDEN 

60 

201629 

CTEX NB 



REAC NB 



CARTER. W 

61 

601631 

KORNILOV. I POLYAK 

62 

201681 

CTEX NB 



REAC NB 



EDWARDS. J SPEISER 

61 

601179 

BLACKBURN, P 

62 

201961 

DH NB 



REAC NB 



MOROZOVA. M STOLYA 

60 

300186 

KONSTANTINOV. V 

62 

301148 

ELCH NB 



REAC NB 



MONNIER, R GRANDJE 

60 


AMOSOV, V 

82 

301126 

ERE8 NB 



REAC NB 



BRIDGMAN. P 

61 

400633 

RROKOSHKIN, D VASI 

62 

201974 
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REV NB 

BARTLETT. E SCHMID 61 

REV NB 

WOHLL, M 60 

REV NB 

HARRIS, W 61 

REV NB 

DOUGLAS, D KUNZ. F 61 

REV NB 

PECKNER, D 61 

REV NB 

SYRE, R 61 

S N B 

CLUSIUS. K FRANZOS 60 

SPK NB 

KORSUNSKII. M GENK 60 

SPK NB 

HOLLIDAY, J 61 

SPK NB 

SHADMl, Y 61 

SPK NB 

ROSEN ZWEIG, N PORT 60 

SPK NB 

SWEENEY. W SEAL. R 61 

SPK NB 

KORSUNSKIY, M GENK 60 

SURF NB 

COST, J 62 

TCON NB 

CONNOLY. A MENDELS 62 

TCON NB 

TYE. R 61 

THEO NB 

ROSENZWEIG, N l»ORT 60 

THEO NB 

FRANK. R 60 

THER NB 

SCHICK. H ANTHROP 63 

THER NB 

CARTER. W 61 

THER NB 

CARTER, W 62 

VAP NB 

BEAVIS, L 60 

PHAS NB AL C 

JEITSCHKO, W NO WOT 63 

PHAS NB ALLOYS 

RICHER, H WINCIERZ 62 

THER NB B 

MEEKSON.G 60 

H NB B 2 

MEZAKI. R TILLEUX 62 

MPP NB B 2 

MALYUCHKOV. O POVT 62 

S NB B 2 

MEZAKI, R TILLEUX 62 

SPK NB B 2 

KORSUNSKII. M GENK 60 

THER NB B 2 

SCHICK. H ANTHROP 63 

CRTS NB3B 2 

KIEFFER, B BENESOV 58 

PHAS NB B SYST 

NOWOTNY, H BENESOV 69 

REAC NB B SYST 

SAMSONOV, G STRASH 62 

PHAS NB B SI ALLOYS 

NOWOTNY, H BENESOV 60 

OH NB BR5 

GROSS, P HAYMAN, C 62 

OH NB BR5 

SHCHUKAREV, S SIMl 62 

OH NB BR O SYST 

SHCHUKAREV. S SlMI 62 

CEMP NB C 

BONDARENKO, B ERMA 62 

CPH NB C 

KUSENKO. F GELD. P 69 


701062 
701063 
201239 
300419 
201307 
201679 
700987 
201274 
201226 
700964 
700996 
201 112 
400616 
201 781 
201636 
201 117 
700996 
201284 
300994 
601631 
300749 
600669 
301486 
201766 
300298 
60161 7 
202096 
601617 
201274 
301680 
600819 
201339 
300990 
201766 
300706 
201748 
201748 
301409 
300929 


CPH NB C 

GELD. P KUSENKO. F 

CRYS NB C 

STORMS. E KRIKOHIA 
CRYS NB C 

STORMS, E KRIKORIA 
VAP NB C 

FESENKO, V BOLGAR 
DH NBC 

MAH. A BOYLE, B 
REAC NB C 

SAEKI, Y OMORl, G 
CRYS NB C 

KEMPTEK, C STORMS 
CRYS NH C’ 

ELLIOT. R KOM.JATH 
CRYS NB C 

KEMPTER, C' STORMS 
CRYS NBC 

STORMS, E KRIKORIA 
DH NB (’ 

KORNILOV, A LEONID 
DHD NB (' 

BITTNER. H (iORETZK 
H NB C’ 

CiELD, P KUSENKO, F 
CEMP NB C' 

BITTNER. H (;ORETZK 
MPP NBC 

(aORGI. A SZKLARZ 
KIN NB 

KIRILLOVA. (; MEERS 
PHAS NBC 

N ADLER, M KEMPTER 
PHAS NB C 

STORMS, E KRIKORIA 
PHAS NB C 

SHAFFER, P 
PHAS NB (' 

NORTON. ,J 
PHAS NB (■ 

BENESOVSKY K RUDY 
PHAS NB C 

NADLER. M KEMPIER 
REAC NBC 

SAMSONOV. (; 

S NB (' 

KAUFMAN. L 
SPK NB C 

KORSUNSKII. M (iKNK 
-HER NB C 

SC HICK, H ANT’HRIJP 
THER NB C' 

BOLIiAR, A 
TRT NB C 

MATTHIAS. B 
VAP NB <; 

FRIES. R 
CEMP NBC 
SAMSONOV, (i FOMENK 
VAP NB (' 

BOLGAR. A 
CRYS NB2C' 

ELLIOT, H KOM3ATH 
THER NB2C 

SCHICK, H ANTHROP 
DH NB CARBIDES 

HUBER, E 

DH NB c:arbides 

KUSENKO, F (iELD, P 
REAC NB CARBIDES 

MEEHSON, G ZELIKMA 
SURF NB CARBIDES 

FOMENKO, V 
PHAS NB C SYST 

ELLIOTT. R 
THER NB C SYST 

CUNNINGHAM, G WARD 


80 

600803 

60 

700980 

80 

700979 

63 

301216 

66 

301297 

63 

301339 

60 

701008 

60 

600621 

63 

201063 

60 

600646 

62 

300923 

62 

301 132 

60 

600803 

62 

202004 

63 

202039 

60 

200769 

60 

700903 

60 

700980 

61 

700941 

60 

701001 

61 

100181 

60 

300301 


301671 

62 

300910 

60 

201274 

63 

301 679 

61 

700938 

61 

300946 

62 

601478 

63 

202128 

61 

700938 

60 

600621 

83 

301679 

61 

201192 

80 

701007 

81 

201912 

81 

201420 

82 

301441 

83 

301208 
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PHA8 NB C SYST 



CEMP NB NITRIDES 



ELLIO'I ^r, R 

61 

300262 

SAMSONOV. G 

60 

700947 

PH AS NB C SYST 



DH NB NITRIDES 



ELLIOT. R KOMJATHY 

60 

301066 

SAMSONOV, G 

60 

700947 

PHA8 NB C SYST 



REV NB NITRIDES 



GELD, P LIUBIMOV 

61 

300380 

SAMSONOV, G 

60 

700947 

PH AS NBC SYST 



CTEX NB N SYST 



KIMURA, H SASAKI 

61 

601678 

SAMSONOV, G VERKHO 

61 

601676 

PHA8 NB C SYST 



PHAS NB N SYST 



KOVALCHENKO, M SAM 

61 

201472 

BRAUER, G ESSELBOR 

61 

700676 

RE AC NBC SYST 



VAP NB N SYST 



SAMSONOV, G STRASH 

62 

300990 

COST, J WERT, C 

62 

300681 

RE AC NBC SYST 



PHAS NB N SYST 



PORTNOI. K LEVINSK 

61 

300216 

ELLIOT, R KOMJATHY 

60 

301065 

VAP NB C SYST 



PHAS NB N SYST 



FHIFIS, R 

62 

300691 

ELLIOTT. R KOMJATH 

60 

600621 

RE AC NB C O SYST 



ERES NB N SYST 



STEVENS, E WII.HELM 

61 

301 697 

SAMSONOV. G VERKHO 

61 

601676 

REAC NB C O SYST 



VAP NB N SYST 



SHVEIKIN, G GELO 

63 

301367 

COST. J WERT. C 

63 

301432 

KIN NB C O SYST 



VAP NB N SYST 



SHVEIKIN, G 

68 

301366 

SAMSONOV. G VERKHO 

61 

601676 

PHAS NB C FE SYSr 



CRYS NB N 2 SYST 



BELIKOV, A SAVINSK 

62 

300863 

ELLIOTT. R KOMJATH 

61 

701063 

REAC NB (' W SYSr 



PHAS NB N 2 SYST 



EVSTYUKHIN, A NIKI 

62 

300883 

ELLIOTT. R KOMJATH 

61 

701063 

THER NB ('L 



CRYS NB O 



SCHAFER. H KAHLENB 

60 

200820 

BRAUER. G MORAWIET 

62 

301106 

DF NB ( Lfi 



CRYS NB O 



JEKE, (; PATEL, C 

60 

200860 

HOCH. M 

63 

301477 

OH NB rLr> 



CRYS NB O 



SHC'HUKAREV, S ORAN 

60 

200944 

HRAUYH. G MORAWIET 

62 

301414 

SPK NF^ C L'S 



CRYS NB O 



BADER, R 

61 

201260 

NORIN. K MAGNELI 

60 

200781 

PHAS NB (T. O SYST 



DF NB O 



MEYER, f; OOSTEROM 

61 

201213 

HOCH. M 

60 

30031 1 

PHAS NH H :;yst 



EMF NB O 



ELLIOrr, R KOMJATH 

60 

600621 

LAVRENTEV \ (;ERAS 

61 

701030 

MISC NB MO SYS r 



REAC NB O 



BRAUN, H SEnLATS(’M 

60 

200806 

LAVRENTEV. V (;ERAS 

61 

701030 

ERES NFi MO SYS'l 



REAC NB O 



HOLM, .] hlau(;hek 

61 

201421 

HICKS, W 

61 

20101 1 

PHAS NH MO (' SYS'I 



REAC NB O 



Rl I)Y. E BENESOVSKY 

61 

300449 

SAZHIN, N KOL('HIN 

61 

300381 

PHAS NH MO V 



REAC NH O 



BARON, V IVANOVA 

60 

200918 

GORDON. G SCTIEVERM 

60 

201499 

PHAS NB MO \V 



REAC N B O 



SAVI rSKIl. E BARON 

62 

201 705 

KOLSKl, T 

62 

201497 

CEMP NB N 



REAC NB O 



SAMSONOV, G FOMENK 

63 

202128 

GURiKv: r 

61 

201792 

CRYS NB N 



CPH N'H O 



KORSUNSKIl. M fiENK 

63 

301274 

KUSEN^n, F GELD. P 

59 

300929 

MPP NB N 



CRYS NB O 



SAMSONOV. (; VERKHO 

61 

301673 

BAAUER. G MORAWIET 

62 

601681 

THER N B N 



MSP N H O 



HO LG A R, A 

61 

700938 

SHCHUKARE\ . S SEME 

62 

301354 

VAP NB N 



SPK NB O 



SAMSONOV, i; VERKHt) 

61 

301669 

I’HLER, V 

55 

301370 

VAP NB N 



S NB O 



BOLGAR, A 

61 

700938 

KAUFMAN. L 

62 

300910 

S NB N 



SPK NB O 



KAUFMAN. L 

62 

300910 

I’HLER. U 

54 

600915 

CEMP NB N 



SPK NB O 



KORSUNSKIl. M (;ENK 

62 

300912 

(iH.A LN, W SALOMON 

60 

20091 1 

TRT NB N 



THER NR O 



MATTHIAS. H 

61 

300946 

HO('H. M 

61 

301476 

MPP NB N 



THER NB O 



SAMSONOV, G VERKHO 

62 

300997 

SCHICK, H ANTHROP 

63 

301580 

CRYS NB2N 



THER NB O 



ELLIOT. R KOMJATH 

60 

600621 

LAVRENTEV. V GERAS 

61 

701030 

CRYS NB4N 



THER NB O 



ELLIOT. R KOMJATH 

60 

600621 

PEMSLER. J P 

61 

700660 

PHAS NB NITRIDES 



TRT NB O 



BRAUER. G 

61 

201142 

KOLCHIN. O Sl'MAROK 

61 

600873 

SPK NB NITRIDES 



TRT NB O 



KORSUNSKIl, M (^ENK 

60 

201274 

ELLIOT. R KOMJATH 

60 

600621 

PHAS NB NITRIDES 



TRT NB O 



BRAUER, G 

60 

201037 

ELLIOT. R 

60 

' 600626 
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VAP NB O 

LAVRENTEV. V GERAS 61 701030 

CPH NB O 2 

KUSENKO. F GELD. P 62 300727 

CPM NB O 2 

KUSENKO. F GELD. P 69 300929 

CPH NB O 2 

GELD. P KUSENKO. F 60 600803 

CRVS NB O 2 

MARINDER, BO 61 700649 

DH NB O 2 

KUSENKO, F GELD, P 62 300727 

OH NB O 2 

MOROZOVA. M STOLYA 60 300186 

EMF NB O 2 

LAVRENTEV, V GERAS 61 701030 

H NB O 2 

GELD. P KUSENKO. F 60 600803 

H NB O 2 

KING, E CHRISTENSE 81 600826 

REAC NB O 2 

KUSENKO. F GELD. P 60 200823 

REAC NB O 2 

LAVRENTEV, V GERAS 61 701030 

8 NB O 2 

KING. E CHRISTENSE 61 600826 

THER NB O 2 

LAVRENTEV, V GERAS 61 701030 

TRT NB O 2 

KOLCHIN. O SUMAROK 61 600873 

TRT NB O 2 

ELLIOT, R KOMJATH 6Q 600621 

TRT NB O 2 

ELLIOT. R 60 600626 

VAP NB O 2 

LAVRENTEV, V GERAS 61 701030 

VAP NB O 2 

GOLUBTSOV. I LAPIT 60 701029 

VAP NB O 2 

SHCHUKAREV, S SEME 62 300744 

THER NB O 2 

SCHICK. H ANTHROP 63 301580 

SPK NB O 5 

GONLON, D DOYLE, W 61 201326 

PHAS NB20 

BRAUER. G MUELLER 68 301197 

KIN NB20 3 

SHVEIKIN, G GELD 60 200762 

PHAS NB20 5 

DIAMOND. J SCHNEID 60 202028 

ERE8 NB20 5 

MANALOV, P ESIN. O 62 202096 

CRTS NB20 5 

NORIN, R 63 202110 

REAC NB20 5 

GELD, P LYUBIMOV 62 301223 

ERE8 NB20 5 

GREENER. E FEAR, G 63 301232 

CEMP NB20 5 

JANNINCK. R WHITMO 63 301264 

ERE8 NB20 5 

JANNINCK. R 63 301256 

REAC NB20 5 

KIMURA. H SASAKI 62 301262 

6RE8 NB20 5 

KOFSTAD, P 62 301267 

PHAS NB20 5 

KOFSTAD. P 61 301268 

ZKP NB20 5 

LYUBINOV. V GELD 61 301294 

ERES NB20 5 

MAKKAY. R FINE. M 62 301298 

ERES NB20 5 

REISMAN. A HOLTZBE 59 301328 

PHAS NB20 6 

ZVINCHUK. R 58 301385 

CEMP NB20 6 

GRUNER. E WHITMORE 61 700527 


CPH NB20 5 

GELD. P KUSENKO. F 60 600803 

CPH NB20 6 

KUSENKO. F GELD, P 59 300929 

CPH NB20 5 

KUSENKO, F GELD, P 62 300727 

CRYS NB20 5 

KOFSTAD, P KJOLLES 61 701034 

CRVS NH20 T) 

MARINDER, B 62 601678 

CRYS NB20 5 

LAKHIANI, D SHREIR 60 700978 

DH NB20 5 

KORNILOV. A LEONID 62 601691 

DH NB20 5 

KUSENKO. F GELD. P 62 300727 

DH NB20 5 

MOROZOVA, M PSTOL 60 300186 

DH NB20 5 

KUSENKO, F G GELD 60 300262 

EMF NB20 5 

LAVRENTEV, V GERAS 61 701030 

ERES N B20 S 

GREENER. E WHITMOR 60 600631 

ERES NB20 5 

GRUNER. E WHITMORE 61 700627 

H NB20 5 

GELD. P KUSENKO. F 60 600803 

KIN NB20 5 

MOROZOV. 1 STEFANY 68 200796 

KIN NB20 f> 

GELD. P SHVEIKIN 60 200996 

PHAS NB20 Tj 

GOLDSCHMIDT. H 60 200766 

PHAS NH20 5 

ROTH. R WARING. J 61 201406 

REAC NB20 5 

SHVEIKIN. (;P 58 300161 

REAC NB20 5 

LAVRENTEV. V GERAS 61 701030 

REAC NB20 5 

LINBIMOV, V (iELD 61 300388 

THER NB20 f) 

KORNILOV, A LEONID 82 601691 

THER NB20 5 

SCHICK. H ANTHROP 301680 

THER NB20 5 

LAVRENTEV, V CIERAS 61 701030 

VAP NB20 

LAVRENTEV, V (lERAS 61 701030 

VAP NB20 5 

GOLUBTSOV, 1 LAPIT 60 701029 

DH NB OXIDES 

KUSENKO. F GELD. P 60 701007 

REAC NB OXIDE 

BRAUER, G MULLER 300561 

THER NB OXIDES 

ORTNER, N ANDERSON 59 701066 

VAP NB OXIDES 

ORTNER. N ANDERSON 69 701066 

KIN NB O SYST 

HURLEN, T KJOELLES 69 201306 

MPP NB O SYST 

ALYAMOVSKIY, G SHV 68 400597 

PHAS NB O SYST 

KUSENKO. F GELD, P 61 201116 

MPP NB O SYST 

GEBHARDT, E ROTHEN 63 202035 

KIN NB O SYST 

HURLEN . T 60 301 250 

VAP NB O SYST 

SHCHUKAREV, S SEME 69 301353 

PHAS NB O SYST 

SHVEIKIN. G GELD 68 301366 

PHAS NB O SYST 

BRAUER. G MUELLER 63 301196 

PHAS NB O SYST 

BRAUER. G MUELLER 62 301413 
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PHA8 NB O SYST 

ELLIOTT, K 
PHA8 NB O SYST 

BRAIJER, G MUELLER 
PHA8 NB O SYST 

TERAO, N 

PHA8 NB O SYST 

KOUBA, L TRIINOV, V 
PH AS NB O SYST 

GRIGOREVA, N SELEZ 
PHA8 NB O SYST 

ELLIOT. R 

PH A 8 NB O SYST 

ELLIOT, R KOM.IATHY 
PHAS NB O SYST 

NORMAN. N 
PHAS NB O SYST 

BRAIJER, G ESSELBOR 
PHAS NB O SYST 

ELLE, M CHIPMAN, J 
PHAS NB O SYST 

NORMAN, N KOFSTAD 
REAC NB O SYST 

arc; ENT. B PHELPS 
THER NB O SYST 

MEERSON, G 
ZKP NB O SYST 

KIJSENKO. F (iELD, P 
REAC NB O r SYST 

SHVEYKIN.C; 

THER NB O c: SYST 

SHVEYKIN.G 
ZKP NB O r SYS!' 

KIJSENKO. F GELI). P 
ZKP NB O r SYST 

SHVEYKIN .G 
KIN N O H SYST 

BLA( KBIJRN. P 
ZKP NB O H SYST 

LINBIMOV, V <:;kli) 
PHAS NB O N SYST 

ELLIOTT, R KOMJAITI 
PHAS NB PI) SYST 

SAVT rSKII, E BARON 
PHAS NB RE S’S ST 

KAl'FMANN A R HAPPR 
PHAS NB KF: SYST 

GIESSEN, W NORDHKl 
PHAS NB SI 

ALYAMOUSKll, P (iEL 
PHAS NB SI O SYST 

IBRAHIM. M BRIGHT 
REAC NB TA 

SC HAEFER, H HUEESK 
PHAS NB 'FE SYST 

GRIGORYAN. L SIMAN 
KIN NB Tl SYSr 

VOITOVICH. R 
PHAS NB TI TA SYST 

KORNILOV, M PYLAEV 
PHAS NB Tl ZR SYST 

MIKHEEV. V BELOl’SO 
PHAS NB U C SYST 

BENESOVSKY. F RUDY 
MISC NB W SYST 

BRAUN. H SEOLATSCH 
KIN NB ZR SYST 

VOITOVICH. H 
PHAS NB ZR SYST 

LUNDIN, C 
CPH ND 

ARAJS.S COLVIN, R 
CPH ND 

SPEDDING, F MILLER 
CPL ND 

GOODMAN, B 
CPL ND 

PARKINSON, D H SIM 


CRY8 ND 


62 

301441 

ELLINGER, F 

CRYS ND 

63 

601263 

62 

301413 

ELLINGER, F 

DH ND 

66 

600977 

63 

301603 

JOHNSON. R 

DH ND 

66 

601293 

62 

301278 

WHITE, D 

CTEX ND 

61 

201217 

62 

300888 

ANDRES, K 

DH ND 

63 

301172 

60 

600626 

JOHNSON, R HUDSON 

DH ND 

62 

601224 

60 

301066 

AMES LABORATORY 

DH ND 

62 

601247 

62 

300374 

HUBER, J 

ERES ND 

62 

100213 

61 

201 114 

ALSTAD. J COLVIN 

ERES ND 

61 

201099 

61 

300281 

SPEDDINCL F DAANE 
ERES N D 

67 

601066 

62 

300627 

BRIDGMAN, P 

ERES N D 

61 

400633 

60 

60061 1 

GOODMAN, B 

ERES ND 

62 

100208 

62 

300946 

JAMES, N LEGNOLD 

H ND 

62 

100206 

61 

201 1 1 6 

SPEFJDING, F MILLER 

MPP ND 

61 

601241 

68 

600672 

lOWOV, W MITTSKV 

MSP ND 

60 

601332 

58 

600671 

JOH^ SON. R HUDSON 

MSP ND 

66 

601040 

61 

700619 

JOHNSON. R HUDSON 

PHAS ND 

62 

601224 

68 

600671 

SPEDDING. F DAANE 

PHAS ND 

67 

601066 

62 

301 189 

JOHNSON. R HUDSON 

PHAS ND 

66 

601040 

61 

300388 

SPEDDING, F DAANE 
PHAS ND 

67 

700872 

60 

600621 

JOHNSON. R 

PHAS ND 

66 

601293 

61 

201429 

TROMBE. F FOEY. M 

SPK ND 

61 

400646 

61 

300218 

NOLDEKE, G 

SPK N D 

66 

601028 

61 

201233 

BURBRIDGE. E BURBR 

SPK ND 

66 

601003 

61 

201 686 

KOROI EV, f 

SPK ND 

66 

601321 

62 

201638 

MURAi: \WA, K 

SPK ND 

64 

601284 

62 

201969 

SCHWARZSCHILD, M 

SPK N D 

67 

601047 

60 

200992 

SMITH. K SPALDING 

SPK ND 

62 

300777 

61 

201287 

HOVIS. W 

SPK ND 

62 

300824 

61 

300608 

GARSTANG, R 

SPK ND 

62 

100207 

61 

300834 

VAN DUKE BEATTY. S 
SPK ND 

61 

400648 

61 

301406 

FAKEHIKO, I SHIN Y 
SPK ND 

60 

400662 

60 

200806 

GRATTON, 1 

SPK ND 

62 

400667 

61 

201287 

BLAISE. J 

SPK ND 

68 

601123 

61 

201120 

lONOV. N MITKEV, M 
THER ND 

60 

601180 

62 

300761 

PARKINSON, D H SIM 
THER ND 

61 

400667 

61 

601241 

SPEDDING. F H MCKE 
TRT ND 

60 

700670 

62 

100208 

JOHNSON. R HUDSON 

TRT ND 

66 

601040 

61 

400667 

TROMBE, F FOEX, M 

61 

400646 
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61 


300230 


60 


201018 


VAP ND 

YAMAMOTO. A S LUND 
VAP ND 

JOHNSON. R 66 

VAP ND 

WHITE. D WALSH. P 61 

VAP ND 

JOHNSON. R HUDSON 62 

VAP ND 

WHITE. D WALSH. P 60 

VAP ND 

AMES LABORATORY 62 

VAP ND 

WHITE. D WALSH. P 61 

8PK ND + 

JUDD. B 66 

SPK ND4 

NOLDEKE. G STEUDEL 64 

SPK NDl 

NOLDEKE. G STEUDEL 64 

SPK ND2 

BURBRIDGE. G BURBR 64 

CEMP ND B 6 

SAMSONOV. G PADERN 69 

CRY8 ND B 6 

SAMSONOV. G PADERN 60 

PHA8 ND C SYST 

WARF, J PALENIK. G 60 

PHAS ND CE MG SYST 

ROKHLIN.L 62 

VAP ND CL3 

NOVIKOV. G BAEV. A 62 

CRY8 ND N SYST 

lANDELLI.A 38 

CRYS ND O 

ELLINGER, F 63 

VAP ND O 

TROMBE. F FOEX. M 63 

DHD ND O 

GOLDSTEIN. H WAl.SH 68 

DHO ND O 

GOLDSTEIN, H 61 

V4P ND O 

KULVARSHAYA. B MAS 60 

VAP ND O 

GOLDSTEIN, H WALSH 61 

CPH Nn20 3 

PANKRATZ, L KING 62 

nPM 

GOLDSTEIN. H NOILS 69 

CPH ND20 3 

BLOMEKE, J O ZIEGL 61 

CPL ND20 3 

GOLDSTEIN. H 68 

CPL ND20 3 

GOLDSTEIN. H NEILSO 60 

CPL ND20 3 

JUSTICE. B WESTRUM 63 

CRYS ND20 3 

DOUGLASS, R 56 

H ND20 3 

BLOMEKE. J O ZIEGL 61 

MSP ND20 3 

PANISH. M 6l 

REAC ND20 3 

KELER, E GODINA, N 61 

S ND20 3 

BLOMEKE. J O ZIEGL 61 

TH6R ND20 3 

BLOMEKE. J O ZIEGL 61 

VAP ND20 3 

GOLDSTEIN. H WALSH 60 

VAP ND20 3 

GOLDSTEIN. H WAUSH 68 

VAP ND20 3 

PANISH. M 61 

VAP ND20 3 

GOLDSTEIN. H 67 


601293 

301014 

601224 

301622 

601247 

300466 

600927 

600931 

600962 

600937 

300143 

601382 

600636 

201703 

300686 

601276 

601263 

301367 

201098 

201216 

301064 

700889 

300958 

601198 

400662 

601661 

700836 

300906 

601010 

400662 

601372 

300387 

400662 

400662 

700889 

201098 

601372 

601489 


VAP ND20 3 

GOLDSTEIN. H 
VAP ND20 3 


GOLDSTEIN. H 61 201216 

DM ND O SYST 

WALSH, P N DEVER 61 700642 

PHAS ND O SYST 

POPOV. A GLOCKER 49 400624 

PHAS Nl MO CR SYST 

ZAKHAROVA. M PROKO 61 201241 

MPP NONSTOKMIIOMETKY 

LAZARUS. D 62 301618 

REV NUN STO IC H I () M ETR Y 

SEEGER. A 61 301686 

REV N ONs ro I ( ' H I U M E I'H Y 

ANDERSON, J 63 301396 

THEO NONSTOK HlOMETin' 

WADSLEY. A 63 301616 

ZKP NUNS roiCHlOM K I R Y 

ELLIO'I'T, G LP:M0NS 63 301440 

SPK NUCLEI 

BELYAEV, S 61 700660 


O 


PHAS O 

BEREZHNOI, A KOKDY 62 201663 

PHAS () 

WYDFiK. W HOCH, M 62 201681 

SPK O 

MALTSEV. A KA1’AP:V 60 600701 

SPK O 

PILCHER. G SKINNER 62 301044 

THER O 

ACKERMANN, R THORN 58 601208 

MISC O 

I.ADD, M LP:E, W 60 201322 

MPP O 

REVYAKIN.A 61 201286 

CPH O 2 

WILLIAMS. N N 61 700669 

OHO 02 

BRIX, B HERZBERC; 63 600644 

OHO 02 

LOSEV. S GENERALOV 61 300683 

DHD 02 

BRIX, H HERZBERC; 64 600648 

OHO 02 

C:AMAC. M VAUGHAN 69 600613 

REV O 2 

hp:rzbh:rg. c; 52 6ooe36 

SPK O 2 

herzbf:kc;,g 52 6oo636 

SPK 0 2 

HERZBERG.C; 63 600637 

SPK O 2 

MOFFITT. W 61 600639 

SPK O 2 

WEBER, A MCGINNIS 80 600640 

SPK O 2 

BARTH. C KAPLAN. J 69 600641 

SPK O 2 

CHAMBERI.AIN, J 68 800542 

SPK O 2 

WILKINSON, B MULLl 67 600643 

SPK O 2 

BRIX, P HERZBP:RG 63 6O0B44 

SPK O 2 

BROIDA. H GAYDON 84 600647 

SPK O 2 

BRIX. B HERZBERG 64 600648 

SPK O 2 

BRY/ H. R HOLT, R 87 600649 

SPK O 2 

BURKH ALTER, J ANDE 60 600660 
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SPK O 2 

BUHKHAI.TKK, J ANDK 
SPK O 2 

CARROLL, 1> 

SPK O 2 

FEAST, M 
SPK O 2 

FEAST. M 
SPK O 2 

HERMAN. R HERMAN 
SPK O 2 

HERMAN, R WENKiEFi 
SPK O 2 

HERMAN. R HERMAN 
SPK O 2 

HERMAN, R WENI(;ER 
SPK O 2 

MILLER. S TOWNES 
SPK O 2 

MII.I.EFL S TOWNES 
SPK O 2 

MILLER. S roWNES 
SPK O 2 

NICHOLI.S. R ItEEVES 
SPfC O 2 

TANAKA. Y 
SPK 02 

TANAKA. Y JL'HSA. A 
SPK O 2 

WA rANARE. K INN, E 
SPK O 2 

W'A l ANABE, K MARMO 
SPK 0 2 

(’AMA(\ M VAl»(;HAN 
SPK O 2 

/IMMEREK R MIZOSH 
SPK (* 2 

LOSEV, S OENERALOV 
T H E R 0 2 

WILLIAMS. N N 
MPP ORO ANM(’S 

l)10*:iSHA(’H, R 
BIB OS 

ANON 

COPT OS 

DOlUiLAS, R W AOKIN 
MPP OS 

FRANC IS, A 
CRYS OS 

MC'C'ALDIN, .1 OrWE/ 
PHAS OS 

KNAFLON. A SAV ILL 
PHAS OS 

sAvrrsKii, E r\ lki 

PHAS OS 

KNAFLON, A SAVILL 
PHAS OS 

I)oc(;las, r w^ adkin 

REAC OS 

SFACIJ, F (;HEOR(H^IV 
REAC OS 

SEMENOV, I KOLHIN 
SPK OS 

BAKINSKI, K NAOZHA 
SPK OS 

ROSENZWKIO. N l»OH'l’ 
SPK OS 

VAN Kl.EEF, T 
SPK OS 

murakawa. k srwA 

SPK OS 

ROSENZWEIG, N PORT 
SPK OS 

VANKLEKF. T Kl.lNK 
SPK OS 

HINES, A ROSS. J 
SPK OS 

VAN KI.EEF. T 


60 

600661 

69 

600662 

49 

600663 

60 

600664 

49 

600666 

60 

600666 

60 

600667 

60 

600568 

63 

600669 

63 

600660 

63 

600661 

69 

600662 

62 

600663 

56 

600564 

53 

600566 

66 

600667 

B9 

600613 

61 

600920 

61 

3011 13 

61 

700669 

61 

300263 

60 

701024 

61 

700614 

62 

301076 

54 

600956 

60 

600663 

63 

301676 

60 

700995 

61 

700614 

61 

201693 

62 

201486 

60 

200910 

60 

700901 

61 

600666 

62 

600942 

60 

700996 

61 

701033 

62 

601692 

60 

600692 


SPK OS 

MOORE, C 
SPK OS 

VAN KLEEF, T KLINK 
SPK OS 

BLAISE, .) 

THEO OS 

ROSENZWEIG, N FOIiT 
THEO OS 

ROSENZWEIG, N FORT 
THER OS 

BARRIAITLT, R DREIK 
TRT OS 

knapton, a SAVTLL 
TRT OS 

KNAF»TON, A SAVTLL 
TRT OS 

mct:aldin..i DUWEZ 

VAP OS 

HASAPIS, A PANISH 
VAP OS 

PANISH, M KEIF, L 
REAC OS FHCI 

SHCHUKAREV, S KOLB 
CRYS OS B SYSr 

KKMP'rKR. C' P FRIES 
CRYS OS B SYST 

KEMP l ER, C P FRIES 

CRYS OS B SYST 

KEMP'rEK, C' FRIES 
CRYS OS B SYST 

ARONSON, B STENBEH 
CRYS OS B SYST 

KEMP I KR, C’ FRIES 
MPP OS B SYST 

BlT)l)EKY, J W ELCH 
PHAS OS B SYST 

ROOF. H KEMP'I ER, C 
CRYS OS r 

KKMF’TER, (' NADLEH 
PHAS OS C 

NADLEH, M KEMPTEK 
REAC OS C 

KEMPTEK, r NADLER 
REAC OS (’ 

KEMPTER. (’ NADLER 
CEMP OS F G 

ELSENSTEIN. J 
SPK OS F C) 

KISENsi EIN, .J 
REAC 'S 1 

FERC.l^ - )N. J ROBIN 

SPK OS O 

WOODWARD. L C'REK^H 
THER OS O 

BAHHIAULT, H DHEIK 
THER OS O 2 

BABKIAI LT, R DREIK 
TI^ER OS O .C 

BARHIAl LT. R DREIK 
THER OS O 4 

HAHRTAlT.l, H DliElK 
PHAS OS RE 

TYl KINA, M POLYAKO 
PHAS OS RL 

TYLKINA. M PC^LYAKO 
PHAS OS TA SYST 

K AC F MANN. A R I^APPK 
PHAS OS W SYST 

KAl'FMANN A R HAPPK 
THEO OXIDATION 

LEVINSON, M KOVROV 
THEO OXIDATION 

SEYBOLT, A 
CEMP OXIDF^S 

KUBASCHENSKL O 
OHD OXIDES 

BEUKOWITZ, .1 


68 

601088 

61 

201 113 

68 

601 123 

60 

700996 

60 

700901 

62 

300866 

60 

201068 

60 

600663 

64 

600966 

60 

700994 

62 

300721 

61 

201231 

61 

700621 

61 

700621 

61 

701050 

62 

300757 

61 

201 103 

61 

600940 

62 

300966 

60 

701010 

60 

300301 

60 

201024 

60 

201024 

61 

201 126 

61 

201 126 

62 

201686 

60 

200760 

62 

300866 

62 

300865 

62 

300865 

62 

300865 

62 

201728 

62 

201 729 

61 

300218 

61 

300218 

60 

301100 

63 

301360 

66 

601642 

69 

301187 
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REAC OXIHES 

COLLONGUES, R GILL 
VAP OXIDES 

NOGA, K 

CEMP OXIDES 

VORONOV. N DANILIN 
CRYS OXIDES 

BAUR 

CRYS OXIDES 

SIDOROV. T 
CRYS OXIDES 

WADSLEY. A 
CTEX OXIDES 

TAYLOR, R 
CTEX OXIDES 

KITMAR. S 
DM OXIDES 

KAPUSTlNSKll. A 
OH OXIDES 

KLYUCHNIKOV. N 
DM OXIDES 

SHARUPIN. B VASILK 
DHD OXIDES 

BREWER. L ROSENBLA 
E OXIDES 

MEN. A ORLOV. A 
KIN OXIDES 

OATS. TODD, D 
MSP OXIDES 

GRIMLEY. R BURNS 
PHA8 OXIDES 

SI DEBOTTOM. B WHIT 
PH AS OXIDES 

ESTULIN, G EGORSHI 
PHAS OXIDES 

GOUTER. E W 
PHAS OXIDES 

SCHNEIDER, S ROTH 
PHAS OXIDES 

COCCO. A SCHROMEK 
REAC OXIDES 

MORIN, F 
REAC OOXIDES 

SAMSONOV, G YASINK 
REAC OXIDES 

BORCHARDT, H THOMP 
REAC OXIDES 

SAMSONOV, G lASINS 
REAC OXIDES 

TRIBALAT, S .JUNGFL 
REV OXIDES 

BURKE. J 
REV OXIDES 

LANE. Z TUNIS, M 
SPK OXIDES 

SIDOROV. T 
SPK OXIDES 

VRATNY. F DILLING 
ICON OXIDES 

TAYLOR, R 
THEO OXIDES 

YATSIMIRSKII. K B 
THER OXIDES 

ACKERMANN. R J THO 
THER OXIDES 

HAHN. W 

THER OXIDES 

KUBASCHENSKI. O 
THER OXIDES 

BREWER, L 
THER OXIDES 

BREWER, L 
VAP OXIDES 

VORONOV, N DANILIN 
VAP OXIDES 

ACKERMANN. R J THO 
VAP OXIDES 

BURKE. J 


63 

301206 

62 

301313 

62 

301120 

61 

200966 

60 

201066 

61 

201101 

60 

200793 

60 

700685 

48 

600627 

60 

300669 

61 

700666 

61 

201 111 

58 

200794 

62 

201903 

60 

200817 

61 

201048 

62 

900207 

69 

700608 

61 

201407 

61 

201637 

61 

201273 

61 

100180 

60 

200887 

61 

300340 

60 

200829 

61 

601403 

62 

201940 

60 

201066 

61 

201386 

60 

200793 

61 

300180 

61 

700680 

60 

200812 

66 

601642 

62 

300866 

63 

700843 

62 

300663 

61 

700680 

61 

601403 


TRT OXIDES 

SCHNEIDER. S 63 


P 


THEO PARTIAL MOLAR 

KRESTOV. G 63 

THER PB 

maiu;rave,.j ei 

VAP PB O 

FIRSOVA, L NESEMEY 60 

CPL PD 

CKANGLE, J SMITH 62 

CPL PD 

BORELIUS. ('m 60 

dh PD 

GOI.DSMITH. A HIHSC 60 

DHT PD 

LOW R IE, R 61 

MPP PD 

EREMENKO. V NAIDIC 61 

MPP PD 

FKANC'IS. A 62 

PHAS PD 

GOLDSMITH, A HIHSC 60 

PHAS PI) 

MENDENHALL, C INGE 07 

SPK PD 

SHADMI.Y 61 

SPK PD 

KESSLER, K MElU’tEHS 64 

TRT PD 

MENDENHALL. C INC.K 07 

VAP PD 

DKEGEH. L MAU(:;HAVE 60 

VAP PI) 

GOLDSMITH. A HIHSC 60 

VAP PD 

I)re(;er.l 61 

VAP PD 

WALKER, R F EKIMEN 61 

CRYS PD B SYSr 

ARONSON. B ASELIUS 69 

THEO PHASE D1A(.RAM 

BREWER, L 63 

THEO PHASE DIAIiRAM 

HUME. W ROTHEHY 63 

THEO PHASE RULE 

BRYNESTAD.J 63 

THEO PHASES 

HEHIC.E 63 

THEO PHASES 

MEKTSLIN. R NIKIJRA 63 

THEO PHASES 

PAK.T KOGAN, V 62 

THEO PHASES 

PINAEV.G 63 

THER PHASES 

STORONKIN. A MORAC 63 

THER PHASES 

STORONKIN. A SMIRN 62 

MPP POLYATOMIC GAS 

GREEN. M 62 

SPK POLYATOMIC GAS 

HOUGEN.J 62 

THEO POLYATOMIC GAS 

KHACKKURUZOV, G MI 61 

THEO POLYATOMIC GAS 

KHACHKURUZOV, G MI 61 

THER POLYATOMIC GAS 

GODNEV. I 66 

THER POLYATOMIC GAS 

ARTYM.R 62 

THER POLYATOMIC GAS 

MCBRIDE, B GORDON 61 


202131 


301283 

700967 

200761 

300869 

601168 

700930 

700943 

300529 

301076 

700930 

900143 

700954 

600976 

900143 

200922 

700930 

300528 

700579 

601166 

202009 

301249 

301199 

202049 

202102 

202113 

202118 

202144 

202146 

300636 

300781 

700647 

700677 

300832 

300773 

300473 
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TMER POLYATOMIC CAS 



CRYS PH N SYST 



KHACHKUHUZOV. C MI 

61 

700677 

lANDELLI, A 

37 

601276 

CPL PR 



ERES PR N SYST 



COODMAN, B 

62 

100208 

DAOIJ, J 

60 

600616 

CPL PR 



THER PROPELLANTS 



PARKINSON, n H SIM 

61 

400667 

SUNDARAM, S 

63 

301366 

DM PR 



PHAS PR O 



JOHNSON, R 

66 

601293 

EYRING, L HOLWBERG 

62 

601690 

DH PR 



VAP PR O 



WHIl'E, n 

61 

201217 

KULVARSHAYA, B MAS 

60 

301064 

DH PR 



CRYS PR O 2 



JOHNSON, R HUDSON 

62 

601224 

(;RUEN, D KOEHLER 

61 

400646 

DMT PR 



ERES PR O 2 



CAVALLERO, U 

43 

700896 

KEVANE. C 

62 

601467 

ERE8 PR 



PHAS PR O 2 



SPKDDINC, F DAANE 

57 

601066 

FAETH, P 

61 

701076 

ERE8 PR 



CRYS PR20 3 



BRII>OMAN, P 

61 

400633 

HONIG, J 

68 

601631 

ERES PR 



CRYS PR20 3 



JAMES. N LKCNOLD 

62 

100206 

GRUEN. D KOEHLER 

61 

400646 

ERES PR 



MSP PK20 3 



ALSTAU. J (T)iAMN 

61 

201099 

PANISH, M 

61 

601372 

ERES PR 



PHAS PR20 3 



GOODMAN, B 

62 

100208 

HONIG. J 

68 

601631 

MPP PR 



ERES PR20 3 



lowov, w Mrr rsEv 

60 

601332 

HONIG. J 

68 

601631 

MSP PR 



REV PH20 3 



JOHNSON. R Hl’DSON 

62 

601224 

honk;, j 

68 

601 631 

MSP PR 



VAP PR20 3 



JOHNSON, R HUDSON 

66 

601040 

PANISH. M 

61 

601372 

PHAS PH 



CPH PR60 11 



JOHNSON, H 

66 

601293 

BLOM 'KE. J O ZIE(;L 

61 

400662 

PHAS PR 



H PR60 11 



SPEDDINC;, F DAANE 

67 

601066 

BLOMEKE, J O Z1E(;L 

61 

400662 

PR 



S PH60 11 



JOHNSON H T'*M)S10N 

66 

601040 

BLOMEKE. J O ZIEC;L 

61 

400662 

PHAS PR 



THER PH60 11 



SPKDDINC, F DAANE 

67 

700872 

BLOMEKE, J O ZIEGL 

61 

400662 

SPK PH 



BIB PR OXIDES 



f’lARS I ANIi, K 

52 

100207 

JONES, P 

60 

200984 

SPK PH 



CRYS PH O SYST 



HOVIS. W 

62 

300824 

EYRING, L BAENZKiE 

62 

300826 

SPK PH 



DH PH O SYS! 



r.HA’i roN. L 

52 

400567 

WALSH, P N DEVER 

61 

700642 

f»PK PH 



THER 1>H O SYST 



HI HBRlDCiE. K BUHBH 

66 

601003 

KUZNETSOV. F HEZUK 

62 

300627 

SPK PH 



BIB pr 



IONOV, N MITKKV. M 

60 

601 180 

WOHLL. M 

60 

700723 

THER PH 



BIB PT 



PARKINSON, D H SIM 

61 

400667 

(;oonv IN. T 

66 

601647 

TRT PR 



CEMP ' T 



JOHNSON. R HUDSON 

66 

601040 

WHITE, WOODS. S 

67 

601060 

VAP PH 



CEMP PT 



YAMAMOrO, A S lA ND 

61 

300230 

('Ll Sll^S, K LOSA, C 

67 

601101 

VAP PR 



CPH F*T 



JOHNSON, R 

66 

601293 

C ARTER. W 

61 

601631 

VAP PR 



CPH PT 



WHITE, D WALSH, P 

60 

301622 

KENDALL, W ORR. R 

62 

601674 

VAP PR 



CPH PT 



WHITE. D WALSH. P 

61 

300466 

doit; LASS. H HOLDEN 

69 

700376 

VAP PR 



CPL PT 



WHITE. D WALSH, P 

61 

301014 

HAMANATHAN. K SHIN 

69 

601132 

VAP PR 



CPL PT 



JOHNSON, R Hl-DSON 

62 

601224 

BOKELl. S, G 

60 

601168 

SPK PR 



CRYS PT 



JUDD, B 

66 

600927 

EDWARDS, J ^PEISEH 

61 

601 1 79 

SPK PH2 



CTEX PT 



BlIRBRIDCE, (; BURBR 

64 

600937 

CARTER. W 

61 

601631 

CEMP PR B 6 



CTEX PT 



SAMSONOV. G PADEHN 

69 

300143 

EDWARDS. J SPEISER 

61 

601179 

DF PR C 



DM PT 



DANCY. E EVERETT 

62 

300676 

GOLDSMITH. A HIRSC 

60 

700930 

REV PH C 



DH PT 



ROUGH, F CHUBB, W 

60 

600610 

HAMPSON, R WALKER 

61 

700681 

VAP PR CL3 



ERES PT 



NOVIKOV, G BAEV, A 

62 

300686 

BRIDGMAN. P 

61 

400633 

PHAS PR C: SYST 



ERES PT 



WARE. J PALENIK. G 

60 

600636 

HOPKINS. M 

67 

601171 
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H PT 

KENDALL. W ORR. R 
H PT 

RAMANATHAN, K SlRl 
KIN PT 

FRYBURD, (J C PETRU 
MPP PT 

FRANriS. A 
PHAS PT 

ORIANI, R JONES, T 
PMAS PT 

GOLDSMITH. A HIRSC 
PHAS p'r 

HENNING, F WENSEl. 
PHAS PT 

ROESER. W ( ALDWELL 
PHAS PT 

ROESER. W WENSEL 
PHAS PT 

WENSEL. H ROESER 
PHAS F'T 

DAY. A SOSMAN, R 
PHAS PT 

MENDENHALL, r INGE 
PHAS PT 

JAFFEE. R MAYKGTH 
RE AC PT 

LACROIX. R 
REAC PT 

FRYBURG. (r C PETRT 
REAC PT 

BARTLETT. N I.OHMAN 
REV PT 

CH ASTON, J 
REV PT 

KLAUS. K 
SPK PT 

MOORE. C 
SPK PT 

KESSLER. K MEG(.ERS 
SURE PT 

KOZAKEVrrCH. P I RB 
Ti ON PT 

KRISHMAN. K 
REV PT 

BETTERTDGE. W RHYS 
TCON l’'r 

GER'I'SHIKEN, S 
TCON PT 

WHITE, G WOODS, S 
THER PT 

SCHICK. H ANTHHOP 
THER PT 

CARTER. W 
THER PT 

GOODWIN, T 
THER PI 

CARTER. W 
THER PT 

DOUGLASS. R HOLDEN 
TRT PT 

HENNING. F WENSEL 
TRT PT 

ROESER. W CALDWELL 
TRT PT 

ROESER. W WENSEL 
TRT PT 

WENSEL, H ROESER 
TRT PT 

DAY, A SOSMAN. R 
TRT PT 

MENDENHALL, C IN(;E 
VAP PT 

DREGER, L MARGRAVE 
VAP PT 

HANLIN. H 
VAP PT 

GOLDSMITH. A HIRSC 


62 

601674 

60 

600697 

61 

700696 

62 

301076 

64 

600964 

60 

700930 

33 

900128 

31 

900136 

36 

900134 

34 

900133 

10 

900137 

07 

900143 

60 

201286 

56 

601037 

61 

700596 

60 

201810 

60 

600941 

64 

600973 

68 

601088 

64 

600976 

61 

201 658 

64 

601281 

62 

202003 

62 

301464 

67 

601060 

62 

300996 

61 

601631 

66 

601647 

62 

300749 

59 

700376 

33 

900128 

31 

900136 

36 

900134 

34 

900133 

10 

900137 

07 

900143 

60 

200922 

60 

700961 

60 

700930 


VAP PT 

DREGER. L 62 

VAP PT 

DREGER, L 61 

VAP PT 

DREGER, L MARGRAVE 60 

VAP PT 

HAMPSON, R WALKER 61 

MPP PT BORIDES 

POLKOVNIKOV. B HAL 62 

CRTS PT BORIDES 

ARONSSON, B STENBE 60 

CRTS P'r B sYS'r 

ARONSON. B ASELIUS 59 

PHAS P r B SYST 

HUBBARD, F 59 

CRVS P'r C' SYST 

KONICLH 61 

THER P'r O 

SCHK'K, H AN I HROP 62 

CRTS P'r O 2 

GOCHE.O 61 

CRTS pr O 2 

SHISHAKOV.N 67 

THER P'r O 2 

ALCOCK. C HOOPER 60 

DH pt;u) 4 

ARIYA, S MOROZOVA 63 

THER PT OXIDES 

SHEWC'HIK’K, S 62 

CRTS PT O SYS r 

BUSC H, K 60 

REV P'r O SYST 

BUSC H, R 61 

THER P'r O SY’Sr 

SCHAFER, H 'FEBBEN 60 

DH PU AL SYS 1* 

AKHAC HINSKIY, V KO 62 

VAP PU (‘ 

ANSELIN, F PASCARI3 62 

DH PL' FE SYSr 

AKHAC'HINSKIY. V KO 62 

VAP PU N 

ANSELIN. F PASCAHD 62 

PHAS PU O U SYS'I 

PI.IONCJWSHI, I) DELU SO"'’ 

VAP PULSE ME'I'HOD 

PRO'rOPOPCJV, N KLT.c; 61 


300720 
300628 
600644 
700681 
300964 
201349 
601166 
601213 
600944 
300996 
600943 
601121 
601 1 61 
600970 
601262 
600939 
600946 
601 1 69 
301 104 
301126 
301 104 
301126 
600767 
300718 


R 


VAP RADIATION 

ZIMAKOV. I SPITSYN 
REV HARE EAR'I'HS 

SPEDDINCL F 
CEMP HARE EAR I'HS 

SOAR. N 

CPL RARE EAR'rHS 

DREYFUS, B (RIODMAN 
CRTS RARE EARITLS 

KOMKOV, A 

DH RARE EAR I HS 

SEHEHRENNIKOV, V 
MPP RARE EARTHS 

EFREMOV, N 
PHAS RARE EARTHS 

SAVrrSKII, E LIVAN 
PREP RARE EARTHS 

LOVE. B 

REAC RARE EARTHS 

VEKSHINA. N MARKOV 
REAC RARE EARTHS 

CAMPBELL, T BLOCK 
REAC RARE EARTHS 

PICON, M DOMANGE 


61 

300684 

62 

301077 

61 

300233 

61 

300646 

69 

201418 

67 

601131 

64 

600932 

61 

201889 

61 

201690 

61 

201423 

61 

201328 

60 

200790 
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REAC RARE EARTHS 

TEREKHOVA, V SAVIT 
REAC RARE EARTHS 

WARSHAW, I HOY, K 
REV HARE EARTHS 

WYLIE, A 

REV RARE EARTHS 

QUILL, L L 

8PK RARE EARTHS 

BERGVALL, P HAOSTR 
8PK RARE EARTHS 

MOORE, C 

THER RAKE EARTHS 

HERO, J 

SPK RARE EARTHS 

BIOEI.MAN, W 
SPK RARE EARTHS 

rONNlCK, R 

SPK RARE EARTHS 

IXTIENO, MAO TJN 
SPK RARE EAR PHS 

TCHENC;, MAO I.IN 
SPK RARE EAR'ms 

KNISELEY, R KASSEL 
SPK RARE EAR'I'HS 

HEORIJ. .1 F 

SPK RARE EAR'I'HS 

SAKELI.ARDIS, P 
SPK RARE EAR IHS 

lORC'.ENSEN. (" 

SPK RARE EARI HS 

BliRHHlIX’.E, O BlIRBR 
SPK RARE EAR I HS 

SAKELLARIDIS, P 
BOOK RARE EARTHS 
SAVnsKlI, E TEREK 
SPK HAKE EARTHS 

HOVEY. L SX EERS. E 
SPK RARE EARTHS 

ROSE. A BLANOIN. .1 
THER RAKE EARTHS 

EM LEY. E 

THER RARE EART HS 

HER(.. J 

THER RARE EAR THS 

BAEV. A NOVIKOV. O 
VAP RARE EARTHS 

V\ HITE. I) 

VAP RARE EARTHS 

BE AVIS. L 

VAP JiARE EART HS 

T ROM HE. K 

ERES HARE EARTHS 

VERESHCHACHN, L 
REV RARE MET ALS 

HAMPEL. C 

BIB R E BORIDES 

KLEBER, E 

CRYS RE BORIDES 

KLEBER, E 

CRYS RE BORIDES 

ZHDANOV. <; ZHl RALE 
REAC R E. BORIDES 

PADERNO . Y B SAMS 
REV RE BORIDES 

PADERNO, Y B SAMSO 
CRYS R-E. BORIDES 

NESHPOR. V SAMSONO 
CRYS R.E. BORIDES 

NESHPOH. V SAMSONO 
CRYS R E. BORIDES 

LAFFERTY. J 
CRYS R.E. BORIDES 

EICK, H OILLKS. P 
CRYS R E. BORIDES 

KICK, H 

ERES R.E. BORIDES 

SAMSONOV. V 


60 

200833 

62 

201808 

60 

400660 

60 

400663 

60 

601341 

63 

301638 

62 

201662 

63 

100193 

49 

400628 

49 

400684 

60 

400686 

69 

601 191 

60 

400686 

65 

600926 

66 

600928 

66 

600929 

66 

600979 

62 

202129 

59 

601190 

60 

201807 

62 

100209 

62 

300390 

61 

201410 

60 

300307 

60 

701016 

53 

600960 

61 

201 670 

64 

600951 

60 

601460 

60 

601450 

60 

200836 

60 

300134 

60 

300134 

67 

601107 

68 

601 116 

61 

400649 

69 

601184 

68 

601637 

61 

700687 


ERES R.E. BORIDES 

KLEBER. E 60 

MI8C R.E. BORIDES 

PADERNO. Y FOMENKO 60 

MI8C R.E BORIDES 

SAMSONOV, G PAUERN 61 

MPP R.E BORIDES 

SAMSONOV, G 86 

MPP RE BORIDES 

NACHMAN, J LUNDJN 62 

MPP R E. BORIDES 

GAUME MAHN.F 66 

PHAs R E. boridp:s 

KLEBER. E 60 

REAC R E. BORIDES 

KUDLNSTEVA. G EPLB 66 

REAC RE BORIDES 

KLEBER. E 60 

REV R.E BORIDES 

KLEBER. E 60 

REV R.E BORIDES 

GAUME MAHN.F 56 

BIB R.E CARBIDES 

KLEBER. E 60 

BIB RE CARBIDES 

ANON 68 

DH RE CARBIDES 

WENDLANDT. W GEORCT 61 
CPH R E C ARBIDES 

ANON 67 

CRYS R E C ARBIDES 

ANO> 67 

CRYS R E CARBIDES 

VIC'KKH'i R 68 

CRYS K E CARBIDES 

KLEBER. E 60 

CRYS R E. C ARBIDES 

PALE.NTK.C; 60 

CRYS HE <^‘AHBIDES 

SAMSONOV. G ZHURAV 60 

DF H E. C ARBIDES 

MCCABE. CL 60 

ERES K E C'ARBIDES 

KLEBER. E 60 

MPP H E. CARBIDES 

c;ai:me mahn.f bo 

MPP R.E f'ARBlLlES 

SAMSONOV. G ZHURAV 60 

PHAS H E C ARBIDES 

KLEBCTv E 60 

REAC }\ E C’ARBIDES 

KLEBER i: 60 

REV R E C ARBIDKS 

KLEBER, E 60 

REV R E CARBIDES 

C'.AUME MAHN, F 56 

SPK R E ELEMENTS 

DIEKE. Ci C’RCLSSV\ HIT 61 

SPK R E ELEMENTS 

ElA ASHEVICH. M 53 

SPK K E IONS 

TUDD.B “ 66 

CRYS R E IONS 

TUr»D.B 66 

BIB RE METALS 

KLEBER, E 60 

BIB H E. METALS 

SACHS. F 61 

CEMP HE METALS 

HSIPEH LIN.S 61 

CPH R.E METALS 

MCKEOWN.T 68 

CRYS R.E. METALS 

KLEBER. E 60 

CRYS R.E METALS 

LADD. M LEE. W 61 

CRYS R.E METALS 

SAVrrSKlI. E TEREK 69 


601460 

200933 

300317 

601266 

301639 

601048 

601460 

601182 

601460 

601460 

601048 

601460 

601661 

201276 

601601 

601601 

601632 

601460 

200914 

600788 

700699 

601460 

601048 

600788 

601450 

601460 

601460 

601048 

601406 

601413 

601027 

601027 

601460 

201069 

200972 

601080 

601460 

601470 

201067 
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CRY8 R E. METALS 

BANISTER, J LEGVOL 
CTEX R.E. METALS 

BARSON. F 

CTEX R.E. METALS 

BARSON, F LEGVOLD 
CTEX R.E. METALS 

CHANDRASEKHAR. B 
CTEX R.E. METALS 

BARSON. F 

CTEX R.E. METALS 

SPEDDING. F HANAK 
CTEX R.E. METALS 

BARSON. F LEGVOLD 
OH R.E. METALS 

SPEDDING. F EBERTS 
ERES R.E. METALS 

KLEBER. E 

MPP R.E. METALS 

SAVITSKH, E TEREK 
PHAS R.E. METALS 

LADD. M LEE, W 
PHAS R.E. METALS 

KLEBER, E 

REAC R E. METALS 

KLEBER. E 

REV R.E METALS 

SAVITSKll, E 
REV R.E. METALS 

KLEBER. E 

REV R.E. METALS 

AVOUSTINIK. A 
REV R.E METALS 

SACHS. F 

SPK R.E METALS 

PRANDTL. W 
SPK R.E. METALS 

ANON 

SPK RE. METALS 

BURBRIDGE, E 
THER R E. METALS 

MCKEOWN. J 
VAP R.E. METALS 

.•vNON 

VAP R.E METALS 

ANON 

CRTS R E METALS 

WARSHAW, I 
PHAS R E. METALS 

WARSHAW. I 

MPP RE. NITRIDES 

GAUME MAHN, F 
MPP R.E. NITRIDES 

LAVALLE, D 

MPP R.E. NITRIDES 

NACHMAN, J LL'NDIN 
REV R.E NITRIDES 

GAUME-MAHN, F 
BIB R.E OXIDES 

KLEBER, E 

CPL R.E. OXIDES 

WESTRUM. E JUSTICE 
CPL R.E. OXIDES 

JUSTICE. B 

CRYS R.E OXIDES 

KLEBER. E 

CRYS R.E. OXIDES 

JUSTICE. B 

CRYS R.E. OXIDES 

MOZZI. R GUENTERT 
CTEX R.E. OXIDES 

STECURA, S CAMPBEL 
CTEX R.E. OXIDES 

BROWN. W KIRCHNER 
ERES R.E. OXIDES 

HARTMANN. W 
ERES • R.E. OXIDES 
NODDACK, W WALCH 


83 600674 

67 601318 

67 601062 

68 601098 

66 601499 

61 201087 

63 601006 

69 601146 

60 601460 

69 201067 

61 601470 

60 601460 

60 601460 

61 201206 

60 601460 

63 301401 

61 201069 

49 601408 

59 601362 

57 601103 

58 601080 

68 601624 

67 601308 

61 201166 
61 201166 
56 601048 

62 301517 

62 301639 

66 601048 

60 601450 

62 601464 

61 601421 

60 601460 

61 601421 

62 300803 

61 201271 

61 601430 

36 601619 

69 601124 


ERES R.E. OXIDES 

KLEBER. E 

ERES R.E. OXIDES 

NODDACK. I WALCH. H 
MISC R.E. OXIDES 

WESTRUM. E 
MSP R.E. OXIDES 

PANISH, M 

PHAS R.E. OXIDES 

COLLONGUES. R 
PHAS R.E. OXIDES 

WESTBROOK, J CARTE 
PHAS R.E. OXIDES 

BONDAR, I 

PHAS R.E. OXIDES 

KLEBER. E 

PHAS R.E OXIDES 

BRAUER. G GKADIN(iE 
REAC R.E. OXIDES 

KLEBER. E 

REV R.E. OXIDES 

KLEBER, E 

TMER R.E. OXIDES 

JUSTICE, B 

THER R.E. OXIDES 

WHITE, D WALSH, P 
THER R E OXIDES 

WESTRUM, E JUSTICE 
THER R.E. OXIDES 

WHITE, D 

THER R E OXIDES 

wf:strum. E 

THER R E OXIDES 

BREWER, L 

TRT R E OXIDES 

W ARSHAW, 1 ROY, R 
VAP RE OXIDES 

WHITE, D WALSH. V 
VAP R E OXIDES 

HASAIMS, A MKLVEC;K 
VAP R E OXIDES 

KULVARSKAYA. B MAS 

VAP RE oxidf:s 

SHCHUKAHEV, S SE.ME 
VAP R E OXIl^ES 

WHi rE, D 

VAP RE OXIDES 

PANISH, M 

VAP R.E OXIDES 

WALSH. P N GOLD.STE 

MPP RE 

ZEIDLER, E KRAUT 
MPP RE 

KOPETSKIY. CH 
MPP RE 

SAVITSKll, E 
ERES HE 

PIPPIG, E 
818 RE 

WOHLL, M 

COPT rp: 

BATSANOl’A, L GRIGO 
CPH RE 

FINCH, R 
CPH RE 

BLANPAIN, K 
CPH RE 

TAYLOR. R 
CPL RE 

FINCH. R 
CPL Rp: 

BLANPAIN. R 
CPL RE 

TAYLOR, R 
CRYS RE 

LAWLEY. A 
CRYS HE 

FRANTSEVICH. I SHI 


60 

601460 

69 

601162 

60 

600676 

61 

601409 

61 

201212 

61 

601449 

60 

200937 

60 

601460 

64 

600978 

60 

601460 

60 

601460 

61 

601421 

62 

601612 

62 

601464 

60 

601377 

60 

600675 

62 

601244 

61 

201368 

62 

601612 

61 

701039 

60 

300399 

61 

300663 

60 

601377 

61 

601409 

60 

700666 

62 

301627 

62 

301270 

62 

301344 

61 

201699 

60 

700723 

62 

201762 

61 

700647 

61 

300349 

61 

201260 

61 

700647 

61 

300662 

61 

201260 

60 

200801 

62 

300613 


2-736 



CRYS RE 
FENG,C 
CRY6 RE 

GLADYSHEVSKll, E TY 
CRYS RE 

MATYUSHENKO. N 
ERE8 RE 

FINCH, R 
ERE8 RE 

TAYLOR, R 
MI8C RE 

HAMPEL, C 
MPP RE 

PORT, J 
PHA8 RE 

SAVITSKII, E TYLKI 
PHA8 RE 

SAVITSKII, E TYLKI 
PHA8 RE 

JAFFEE, R MAYKIJTH 
PMCH RE 

PORT. J 
RCAC RE 

CAMPBELL, I ROSENB 
REAC RE 

FRANTSEVICH, I LAV 
REAC HE 

THOMPSON. H 
REAC RE 

LOVE. B KLEBER. E 
REV RE 

OONSER. B 
REV RE 

WOHLL, M 
REV RE 

WOOLF. A 
REV RE 

LEBEDEV, K 
REV RE 

BOLES, S 
REV HE 

VYLKINA, M POVAROV 
SPK HE 

TREES. H 
SPK RE 

ROSEN ZWEIG. N PORT 
SPK HE 

ROSEN ZWEIG. N POHr 
SPK HE 

MOORE. C 
SPK RE 

STUDIER. M 
THEO RE 

ROSEN ZWEIG. N PORT 
THEO RE 

ROSENZWEIG, N PORT 
THER HE 

SCHICK. H ANTHROP 
THER RE 

WOOLF, A 
THER HE 

KING, J 

MPP RE ALLOYS 

SAVITSKY, Y TYLKINA 
PHA8 RE AL SYST 

SAVITSKII, E TYLIN 
CRY8 RE3B 

ARONSSON. B BAECKM 
CRYS RE3B 

ARONSSON. B BECKMA 
CRYS RE B 2 

LAPLACA, S PORT. S 

CRV8 RE BE22 

SANDS, D JOHNSON 
CRYS RE BORIDES 

ARONSSON. B STENBE 
CRYS RE BORIDES 

SAMSONOV. G PADERN 


62 

201618 

60 

201684 

62 

301 1 60 

61 

700647 

61 

201260 

61 

200889 

60 

700978 

62 

301674 

63 

301676 

60 

201286 

60 

700976 

69 

20086/ 

69 

200869 

61 

201068 

61 

201733 

62 

301469 

60 

701063 

61 

201232 

60 

300828 

62 

201869 

61 

201916 

61 

701067 

60 

700996 

60 

700901 

68 

601088 

62 

201608 

eo 

700996 

60 

700901 

62 

300995 

61 

201232 

60 

200813 

68 

900230 

61 

300836 

60 

201482 

60 

201382 

62 

300618 

62 

201879 

60 

201349 

69 

201621 


THER RE COMPOUNDS 
MCDONALD, J 82 

PMAS RE C 

NADLER, M KEMPTER 80 

REAC RE CL6 

COLTON, R 82 

SPK RE F 6 

CLAASSEN. H MALM 82 

REAC RE F 6 

NIKOLAEV, N IPPOLI 81 

REAC RE I 

FERGUSSON, J ROBIN 82 

PHA8 RE HF SYST 
TAYLOR, A KAGLE, B 83 

PHA8 RE NB 

LEVESQUE. P 81 

THER RE O 

SCHICK, H ANTHROP 82 

CRYS RE O 2 

DESCHANVRES, A 69 

PHA8 RE O 2 

COEFFIR. G TRHORE 81 

TRT RE O 2 

COEFFIER, G TRAORE 81 

VAP RE O 2 

DEEV, V SMIRNOV. V 81 

CRYS RE O 3 

DESCHANVRES, A 69 

VAP RE O 3 

DEEV, V SMIRNOV, V 81 

CRYS RE20 7 

DESC'IANVRES, A 69 

THER HE20 7 

SCHICK, H ANTHROP 83 

REAC RE OXIDE 

COLTON, R 82 

CEMP REFRACTORIES 

LASHKAREV, G SAMSO 82 

CEMP REFRACTORIES 

KISLY, P SAMSONOV 81 

COPT REFRACTORIES 

SEREBRYAKOVA. T I P 60 

CPH REFRACTORIES 

W^ALKER, B EWING. C 82 

MPP REFRACTORIES 

SAMSONOV. G KOVALC 61 

REAC REFRACTORIES 

MAY. C KONEV AL, D 61 

REAC REFRACTORIES 

SAMSONOV, G UMANSK 62 

REV REFRACTORIES 

KIEFFER, R BENESOV 63 

REV REFRACTORIES 

DEW’TSCH, G AULT, G 62 

REV REFRACTORIES 

SAMSONOV, G 62 

REV REFRACTORIES 

KIKFFER, R BENESOV 63 

BOOK REFRACTORIES 

SAMSONOV. G 63 

REV REFRACTORIES 

STORMS. E 62 

THEO REFRACTORIES 

Bl DNiKOV. P BEKEZH 63 

THER REFRACTORIES 

HOCH.M 61 

VAP REFRACTORIES 

HASAPIS, A PANISH 60 

THER REFRACTORY BORIDE 

BREWER, L HARALDSE 65 

MSP REFRACTORY MATS 

INGHRAM. M 60 

SPK REFRACTORY MATS 

INGHRAM. M 60 

THER REFRACTORY MATS 

INGHRAM, M 60 

CTEX REFRACTORY METALS 

BESSERER, C 68 


300664 

300301 

201684 

201866 

201676 

201686 

301000 

201149 

300996 

600848 

700648 

700648 

301108 

600848 

301108 

600848 

301679 

201683 

300665 

300496 

300136 

301016 

300986 

700686 

201726 

301497 

301434 

300981 

301261 

301342 

301023 

900219 

700661 

201939 

600987 

300303 

300303 

300303 

700929 
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MPP REFRACTORY METALS 

BESSERER, C 68 

PHA8 REFRACTORY METALS 

MURPHY. A KENNEDY 60 

PMCH REFRACTORY METALS 

MURPHY. A KENNEDY 60 

REV REFRACTORY METALS 

MURPHY. A KENNEDY 60 

REV REFRACTORY METALS 

NORTHCOTT, L 61 

ICON REFRACTORY METALS 

BESSERER. C 68 

PHA8 RE TA SYST 

KAUFMANN. A R RAPPR 61 

PHAS RE V SYST 

TYLKINA, M POVAROV 60 

PHAS RE W C SYST 

HAVELL. R BASKIN 61 

VAP RE X 

SHIMAZAKl. E NIWA 62 

VAP RE X 

MALM. J SELIO. H 61 

CEMP RH 

WHITE, G WOODS, S 67 

CPH RH 

DOUGLASS. R HOLDEN 69 

CPH RH 

JAEGER, F 31 

CPL RH 

JOHNSON. R HUDSON 66 

CPL RH 

BORELIUS, Cm 60 

CRYS RH 

BALE. E 68 

CRYS RH 

MCCALDIN. J Dl'WEZ 64 

CRYS RH 

THOMPSON, J 62 

DH HH 

PANISH. M REIF. L 61 

DH RH 

HAMPSON. R W ALKER 61 

ERES RH 

C H ASTON. J 62 

ERES RH 

PRICE. E TAYLOR. B 62 

ERES RH 

BRIDGMAN. P 61 

ERES RH 

KEMP. W KLEMENS, P 59 

MPP RH 

EREMENKO. V NAIDK' 61 

MPP RH 

FRANCIS. A 62 

PHAS RH 

MENDENHALL, C INGE 07 

PHAS RH 

ROESER, W WENSEL 34 

PHAS RH 

RAUB. E BEESKOWL H 69 

REV RH 

SANDERSON, L 61 

SPK RH 

MURPHY, R 62 

SPK RH 

SANCHO, F 68 

SPK RH 

SHADMI.Y 61 

SPK RH 

SANCHO, F 68 

SPK RH 

MOORE. C 68 

SPK RH 

NORRIS, J 60 

SPK HH 

CATALAN. M RICO, F 67 

TCON RH 

WHITE. G WOODS. S 67 


700929 
701041 
701041 
701041 
700682 
700929 
300? I 8 
200935 
201236 
201603 
201502 
601060 
700376 
900139 
601039 
601168 
601083 
600966 
201648 
700639 
700681 
300677 
601473 
400633 
601206 
300629 
301076 
900143 
900141 
201473 
300377 
600946 
601092 
700964 
601091 
601088 
601194 
601206 
601060 


TCON RH 

POWELL. R TYE, R 66 

THER RH 

SCHICK, H ANTHROP 62 

THER RH 

KEMP. W KLEMENS. P 69 

REV RH 

BETTERIDGE, W RHYS 62 

THER RH 

DOUGLASS. R HOLDEN 69 

TRT RH 

ORIANI, R JONES, T 64 

TRT RH 

MCCALDIN, J DUWKZ 64 

TRT KH 

ROESER. W WENSEL 34 

TRT RH 

MENDENHALL. C IN(;E 07 

VAP HH 

DREGER. L 62 

VAP RH 

DREGER, L MARI'.KAVE 61 

VAP RH 

HASAPIS. A PANISH 60 

VAP RH 

BABELIOW’SK Y. T 02 

VAP RH 

DREGER, L 61 

VAP RH 

dre(;er. l marc;rave 6o 

VAP RH 

PANISH. M REIF. L 61 

VAP RH 

HAMPSON. R WALKER 6i 

CRYS HH H SYST 

ARONSON, B ASELIUS 59 

VAP RH ( L SYST 

BELL. W T'AC^AMI, M 62 

CPH KH O 

WOHLEFt. L .KX'HCM 33 

OH RH O 

WOHLER. L JOC'lIl M 33 

DH RH O 

WOHLER, L MULLER 26 

THER RH O 

SCHK’K, H ANTHROl* 62 

THER RH O 2 

ALCOCK. C’ HOOPER 60 

CPH KH20 

WOHLER. L JOCHUM 33 

OH RH20 

W OHLER. L JOCHUM 33 

DH RH20 

WOHLER. L MULLER 25 

CPH RH20 :i 

W’OHLER, L JOCHUM 33 

DH RH20 J 

WOHLER. L JOCHUM 33 

DH RH20 3 

WOHI.ER. L MULLEIN 26 

THER ROC KET ENIHNES 

NIKOLAYEV, B 60 

COPT RU 

DOUGLAS. R W' ADKIN 61 

CRYS RU 

LAWLKY.A 60 

CRYS RU 

MCCALDIN. J DUWEZ 64 

CRYS RU 

THOMPSON, J 62 

MPP RU 

FRANf'IS, A 82 

PHAS RU 

DOUGLAS. R W ADKIN 61 

SPK RU 

TREES, H 81 

SPK RU 

SHADMI.Y 81 


801082 
300996 
601206 
202003 
700376 
600964 
800966 
900141 
900143 
300720 
201 600 
700994 
300868 
300628 
600643 
700639 
700681 
601 166 
201476 
900124 
900124 
900140 
300996 
601 161 
900124 
900124 
900140 
900124 
900124 
900140 
400615 
700614 
200801 
600966 
201648 
301076 
700814 
701067 
700964 
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MOORK, c 

tmeb 

MARORAVE, J 

tmer 

ZODHOV. N EOIJRBAIX 

tRT KVI 

mccau)\n. .1 niiWKz 

VII.P HU 

lt>A\JLE. K 

VAP UVJ 

HASAPIS. A MELVK(',E 

VAP KVl 

MAKOUAVE, J 
VAP HU 

FANISH, M UEIF, 1. 

CRYS HU B SYST 

KEM1*TEH,C FRIES 
CRYS HU B SYST 

ARONSON, B STENBEH 
CRYS HU B SYST 

KEMPTEH, U FRIES 
MPP HU B SYST 

BU’DDEHY. J WELC:H 
PH AS HU B SYST 

HOOF, H KEMPTEH. U 
PHAS FiU B SYST 

OBHOWSKI. W 
CRYS HU (' 

KEMPTEH. r NAOLEIi 
CRYS HU 

KEMPTEH, (' NADUEH 
CRYS HU r 

KEMPTEH. r NADUEH 
PHAS lU' C’ 

NADUEH. M E EMP FEH 
THER HI o 

AU('OC’K, C' HOOI’EH 
DH HI' O 2 

SUHNElDEHEUrn. (] 

DH HU O 2 

S(^HAEFEH. H sUHNEI 
SPK HU O 4 

OHTNEH. N ANDEHSON 
THER HU O 4 

OHUNEH, N ANDEH.'^ON 
THER HU O 4 

ZOUBOV. N POUHBAIX 
TRT HU O 4 

NIKOUSKII 

THER HI’ OXIDES 

OH I NEH. N ANDEHSON 
VAP HU OXIDES 

OHTNEH. N ANDEHSON 
PHAS HU HE 

HUDY. E KIKKFEH, B 
PHAS HI HE 

SAVITSKII, E UKI 
PHAS HU I'A SYST 

KAUFMANN A H HAPPH 
PHAS HI’ W sYsr 
KAUFMANN A H HAPPH 


S 


VAP SC 

KHIKOHIAN. O 
CEMP SC 

MICHAEUSON, H 
CPH SC 

MARDON. P NICHOLS 
CPL SC 

MONTOOMERY. H PELL 
CPL SC 

LEBEDEV, V 


68 601088 


61 

700967 

68 

601076 

64 

60091k6 

61 

601479 

61 

701039 

61 

700967 

62 

300721 

61 

701060 

62 

300767 

61 

201103 

61 

600940 

62 

300966 

63 

301 546 

60 

701010 

60 

201024 

60 

201024 

60 

300301 

60 

601 1 61 

62 

301582 

63 

301677 

69 

701066 

69 

701066 

68 

601076 

63 

301 541 

59 

701066 

69 

701066 

62 

201 666 


CPL SC 

WELLER. W KELLEY 
CRYS SC 

MAHDON, P NICHOLS 
CRYS SC 

SPEDDINO, F DAANE 
CRYS SC 
HERRMANN, K DAANE 
ERtS SC 
COLVIN, H ARA.JS. S 
ERES SC 

MAHDON. P NICHOLS 
MPP SC 

MAHDON, P NICHOLS 
MPP S(' 

SPITSYN, V KOMISSA 
MPP SC* 

BORISENKO. L 
MPP SC 

SPEDDINO. F DAANE 
MPP SC 

HILLER, M 
PHAS SC' 

BEAUDRY, B DAANE 
PHAS SC 

FISCHER, W BHIINGE 
RE AC SC 

SPITSYN, V KOMISSA 
REV SC' 

SANDEHSCJN, L 
REV SC' 

S'l'HUAl K WEIK, H 
REV S( 

V ic:kehy. r 

REV S(' 

LOVE. B 
REV SC* 

(lElSELMAN, D 
SPK SC 

HOSENZWEKU N POH’I 
SPK S(' 

MEl^RILL, P CiHKENS r 
SPK SC' 

GAHSTANCL H 

SPK sc: 

WHlGH’l , K 
SPK SC' 

SKINNER. H 
SPK SC' 

HOSENZWFIG. N PORT 
THEO 

ROSENZW^ KL N PORT 
THEO S( 

HOSENZWEIG. N I*OHT 
TRT SC 

BEAUDRY. B DAANE 


82 700704 

61 701026 

66 700703 

66 100606 


63 

301036 

61 

701026 

61 

200987 

61 

300370 

61 

300447 

60 

700713 

60 

700738 

62 

300673 

37 

700766 

61 

300370 

61 

300376 

60 

601167 

60 

601173 

60 

700736 

62 

201941 

60 

700996 

66 

601007 

62 

100207 

48 

100212 

56 

700761 

60 

700901 

60 

700996 

60 

700901 

62 

300673 


62 

201631 

FISC'HEH, W BHIINC'-E 

VAP SC' 

37 

700766 

61 

300218 

KARELIN. V NKSMKYA 

VAP <C 

62 

300362 

61 

300218 

BKAVIS. L 

60 

600659 



VAP SC' 

ACKFRMANN, R RAUH 
VAP SC 

62 

700840 



KARELIN. V NfSMEYA 
VAP SC 

62 

601 694 



BEAVIS, L 

VAP SC 

60 

701016 

63 

301284 

ACKERMANN. J RAl H 

THER SC ^ 

62 

700909 

60 

400629 

VASILEV. V ZOLOTAR 
CEMP SC' B 2 

69 

700823 

61 

701025 

KUDINTSEVA, G NESH 
CEMP SC B 2 

62 

301614 

61 

601447 

SAMSONOV, c; FOMENK 
CRYS SC B 2 

63 

202128 

48 

700702 

ZHURAVLEV. N STEPA 

68 

700727 
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^SAMSONOV, 61 700728 

^ SAMSONOV.^,^ 61 700728 

PHAS SC B 6 

PRZYLYLSKA. M REDD 63 300962 

PHAS SC BE13 

LAUBE. E NOWOTNY 62 201760 

SURF SC BORIDES 
FOMENKO. V 61 201420 

MISC SC c 

NOWOTNY, H ABER-WE 61 700661 

MISC SC C 

SAMSONOV, G MAKAVE 62 700744 

PHAS SC C 

AVER-WELSBACH. H 61 201176 

CRYS SC F 3 

AKISHIN. P NAURMOV 61 201201 

SPK SC F 3 

AKISHIN. P NAURMOV 61 201201 

THER SC ION 

VASILEV. V ZOLOTAR 69 700823 

MPP SC N 

FRIEDERICH, E SITT 26 700766 

REAC SC N 

LYUTAYA, M BUKHANE 62 301628 

CRYS SC O 

VICKERY. R SEDALEK 59 700707 

F SC O 

BREWER. L CHARDRAS 59 700721 

REAC SC O 

MASSONNE.J 61 201426 

SPK SC O 

AKERLIND, L 62 300611 

SPK SC O 

AKERLIND. L 61 700636 

SPK SC O 

BERG. R SIMANOGLN 60 301089 

OH SC20 3 

HUBER. E FITZGIBBO 63 301246 

OH SC20 3 

HUBER, E FITZGIBBO 63 202067 

CfMP SC20 3 

MORIN. F 68 700710 

CPL SC20 3 

WELLER, W KING. E 63 301617 

CRYS SC20 3 

MILLIGAN. W VERNON 63 700766 

DH SC20 3 

HUBER. E HOLLEY. C 62 700704 

DH SC20 3 

MAH. A 62 700706 

PHAS SC20 3 

BARTA, C PETRU. F 58 700726 

REAC SC20 3 

SPEDDING. F POVELL 58 700767 

THER SC20 3 

KUBASHEVSKI. O EVA 56 700829 

TRT SC20 3 

BARTA. C PETRU, F 68 700726 

THEO SEMICONDUCTORS 

HARVEY. W 63 202047 

BIS SI 

SULLIVAN. R SEIBEL 60 701038 

CEMP SI 

SAMSONOV. G NESHPO 69 201062 

COPT SI 

GOLDSMITH. A HIRSC 60 700930 

CPH SI 

GOLDSMITH, A HIRSC 60 700930 

CPH SI 

KANTOR, P KISIL, O 60 300274 

VAP SI 

DROWART, J DEMARIA 69 301212 

CPH SI 

SHARAN. B SINGH, S 60 600664 

CPH SI 

WILLIAMS, NN 61 700669 


CPL SI 

KEESOM. P H PEARLM 62 

CPL SI 

PEARLMAN, N KEESOM 62 

CPL SI 

FLUBACHER, P LEADB 69 

CPL SI 

SHARAN. B SINGH, S 60 

CRYS SI 

GETTE. E FOOTE. F 36 

DHT SI 

DAVIS. S ANTHROP 61 

ERE8 SI 

GOLDSMITH. A HIRSC 60 

H SI 

GOLDSMITH, A HIRSC 60 

KIN SI 

C'HAPMAN.A 60 

KOYLOVSKAYA, V 

MSP SI 

LOWRIE. R 60 

PHAS SI 

BEREZHNOI. A KORDY 62 

PHAS SI 

GELD, P GERTMAN, Y 60 

REV SI 

BEREZHNOI, A 61 

SPK SI 

ELYASHEVICH. M NIK 66 

SPK SI 

SHENSTONE, A 61 

SPK SI 

NIKITINA. O 61 

SPK SI 

HOLMES. J HOOVER 62 

TCON SI 

GOLDSMITH, A HIRSC 60 

TCON SI 

HOLLAND. M 61 

THER SI 

CHERKASKIN, Y CiLAD 67 

THER SI 

SCHICK. H ANTHROP 63 

THER SI 

SULLIVAN, R SEIBEL 60"^ 

THER SI 

WILLIAMS. N N 6i 

TRT SI 

WENTORF, R KASPER 63 

TRT SI 

KANTOR. P KISIL, O 60 

VAP SI 

KOSENKO. V NESTERE 6i 

VAP SI 

ROTH. E MARGERUM 62 

VAP SI 

POPPER. P 60 

VAP SI 

LOWRIE, R 60 

VAP SI 

DAVIS, S ANTHROP 61 

VAP SI 

HANLIN.H 60 

CRYS SI 

JAMIESON,.! 63 

VAP SI 

ZADUMKIN.S 69 

VAP SI 

TSEPLYAEVA. A PRIS 60 

SPK Sl4 > 

TORESSON, Y 60 

SPK S12 

VERMA, R WARSOP. P S3 

REAC SI B 4 

FEIGELSEN S2 

REAC SI B 6 

FEIGEI^EN S2 


300170 

300171 

300391 

600064 

700610 

701009 

700930 

700930 

200810 

301103 

701014 

201663 

300417 

201469 

301090 

700636 

200818 

300822 

700930 

201289 

301107 

300994 

701038 

700669 

301620 

300274 

600847 

300970 

601632 

701014 

701009 

700961 

202062 

300284 

300400 

200804 

301032 

301446 

301446 
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MPP SI B SYST 



VAP SI C 



WEBER. B RIZZO. H 

63 

202169 

DROWART, J DEMARIA 

60 

200770 

PHAS SI B SYST 



THER SI C 



SAMSONOV, G SLEPTS 

62 

301341 

GRIEVESUN. P ALEOC 

80 

301060 

PHAS SI B SYST 



CRYS SI C 



ANON 

60 

701016 

JAC’.ODZINSKl. H ARN 

60 

200898 

VAP SI B SYST 



KIN SI C 



ANON 

60 

70101 6 

.JORGENSEN, P 

60 

200924 

REAC SI B SYST 



KIN 81 C 



BHOSSET, C MAGNUSS 

60 

200932 

.JORGENSON. P WADSW 

60 

200772 

MPP SI B SYST 



DF SI C 



NOETH, H HOELLEREH 

62 

301642 

KIRKWOOD. D K CHIP 

61 

700634 

BIB SI B SYST 



CRYS SI C 



SULLIVAN, R SEIBEL 

60 

701038 

KRISHNA, P VERMA 

61 

701068 

TMER SI B SYST 



SPK SI C 



SULLIVAN. R SEIBEL 

60 

701038 

OVCHAHENKO. I TUNI 

60 

600778 

KIN SI B SYST 



THER SI C 



WILLIAMS, E 

61 

300260 

POPPER, P 

60 

601632 

PHAS SI B C SYST 



COPT SI C 



KALINIAN, A SHAMRA 

60 

301267 

SAMSONOV, G PENKOV 

61 

300800 

VAP SI C' 



CPL SI C 



DROWART. J DEMARIA 

69 

301212 

SHMIDT, N SOKOLOV 

60 

201 690 

VAP SI C 



DF SI C 



FESENKO, V BOLGAK 

63 

301216 

SMILTENS, ,J 

60 

301069 

CEMP SI r 



DH SI C 



HORI, J 

62 

301478 

SMILTENS, J 

60 

200771 

CRYS SI C 



THER SI C 



KNIPPENBERfi. W HAS 

62 

301266 

SMlI/l'ENS, .) 

60 

200771 

CRYS SI C 



VAP SI C 



KRISHNA. P VERMA 

63 

301287 

SMILTENS, J 

60 

200771 

OF SI C 



ZKP SI C 



REIN. R CHIPMAN. .1 

63 

301327 

SMILT' NS, .1 

60 

200771 

DHD SI (' 



BIB SI C 



STEELE. W NICHOLS 

62 

301 596 

SULLIVAN R SEIBEL 

60 

701038 

MPP SI C 



THER SI C 



KAMAMl’RA '"'HAYASH 

62 

301492 

SULLIVAN, R SEIBEL 

60 

701038 

REV SI (' 



CRYS SI C 



DOHROLEZH. S Zl’BKO 

63 

301437 

PAY LOR, A JONES. R 

60 

200776 

TCON SI C 



CTEX SI C* 



BOSCH. <; 

61 

201505 

TAYLOR. A JONES. R 

60 

200776 

COPT SI (' 



CRYS SI C 



HRESKER, R VORONIN 

69 

300799 

TOMITA, T 

60 

600801 

CRYS SI r 



THEO SI C 



TOMI PA. T 

60 

600801 

tsertsvadze. a T( H 

62 

300683 

REV SI C 



SPK SI C 



BROWN. A 

60 

701044 

VI DALE, (; 

60 

201616 

TRT SI C 



VAP SI C 



WHITNEY. E 

63 

202160 

VI DALE. G 

60 

201616 

CRYS SI C 



MPP SI C 



MERZ, K ADAMSKY, H 

60 

202103 

VORONIN N 

61 

301007 

VAP SI C 



CPH s C 



honk;, r 

62 

202065 

WALKER S EWING. C 

62 

301098 

MPP SI C' 



PHAS SIC 



KIKCHNER. H KNOLL 

63 

202069 

YASUDA. S 

62 

300681 

CRYS SI C 



THER SI CARBIDES 



KRISHNA, P VERMA 

63 

202084 

SAMSONOV, G 

69 

201343 

CRYS SI C 



DH SI CARBIDES 



BAUER. J FIALA, -J 

63 

201998 

droe(;e. j 

60 

201160 

REV SI (' 



PHAS ST C SYST 



CHADWK K. U 

63 

202016 

SEARCY, A FINNE, L 

62 

201874 

DH SI C 



PHAS Ml C SYsr 



DAVIS, S ANTHROP 

61 

701009 

DOLLOFF, R 

60 

700989 

DHT SI C 



PHAS SI C SYST 



DAVIS, S ANTHROP 

61 

701009 

DOLI.OP F. R 

60 

600662 

VAP SI C 



REAC SI C SYST 



DAVIS, S ANTHROP 

61 

701009 

KUHN, W 

63 

300919 

DH SI C 



DH SI C SYST 



DENTREMONT. .1 CHIP 

63 

300841 

SCACE. R SLACK. G 

60 

200768 

REAC SI C 



PHAS SI C SYST 



POCH, W DIETZEL, A 

62 

202119 

SCACE, R SLACK. G 

60 

200768 

REAC SI C 



PHAS SI r O SYST 



DIETZEL. H JAGODZl 

60 

700676 

KRIVSKY. W SCHUMAN 

61 

300469 

THER SI C 



MPP SILICATES 



DIETZEL, H .JAGODZl 

60 

700676 

LIPMAN, R 

69 

400696 

DH SI C 



MPP SILICIDES 



DROWART. J DEMARIA 

60 

200770 

SAMSONOV. G 

69 

202126 

THEN SI C 



CRYS SILICIDES 



DROWART. J DEMARIA 

60 

200770 

NESHPOR, V SAMSONO 

62 

202108 
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CRV8 SILICIDES 

LUNDIN.C 61 

CPM SILICIDES 

GELD, P KRENTSIS 63 

CRYS SILICIDES 

GLADYSHEVSKIL E 63 

CRYS SILICIDES 

NESHPOR, V 61 

DM SILICIDES 

GOLUTVIN.Y 62 

MPP SILICIDES 

SAMSONOV. G 69 

PHAS SILICIDES 

PORTNOY, K 60 

REV SILICIDES 

SAMSONOV. G 62 

CRYS SILICIDES F*T MET 

ARONSSON. B RUNDQV 61 
CRYS SI N 

BORGEN, O SEIP, H 61 

SPK SI N 

STEVENS. A KERGUSO 63 

REAC ST N 

HENGGE. E 62 

VAP SI3N 4 

FESENKO, V BOLGAR 63 

REV S13N 4 

RABENAU. A 63 

CTEX SI3N 4 

IVVAI, S YASLxNAGA 59 

THER SI NITRIDES 

SAMSONOV, (; 59 

ERES SI N SYST 

SAMSONOV, (i 61 

PHAS SI N SYST 

SAMSONOV. G 61 

OF SI O 

WHATLEY. L 62 

OH SI O 


BERGMAN, G MEDVEDE 59 
OH SI O 

BERGMAN, G MEDVEDE 69 


SI O 

t’ORK.D 63 

PHAS SI O 

BREWER, L MASTIK 49 

PHAS SI O 

BRCIC, B GOLIC, L 62 

PHAS SI O 

CHAPMAN. A ST PIER 60 

REAC SI O 

EMONS, H BOENICKE 62 

REAC SI O 

WHITE. P 62 

SPK SI O 

NICHOLLS. R 62 

SPK SI O 

NICHOLLS, R 62 

SPK SI O 

MCGREGOR. A NICHOL 61 

SPK SI O 

JAMES, T 63 

SPK SI O 

JAMES, T 63 

SPK SI O 

BARROW, R ROWLINSO 64 

SPK SI O 

ROWLINSON.N 63 

SPK SI O 

VERMA, R MULLIKEN 61 

THER SI O 

RAMSTAD, H F RICHA 61 

THER SI O 

RAMSTAD. H RICHARD 61 

THER SI O 

SCHICK. H ANTHROP 63 

THER SI O 

RAMSTAD, H RICHARD 61 


202089 
202037 
202040 
300792 
300667 
400619 
700944 
300989 
300604 
201614 
202143 
201 769 
301216 
301324 
700684 
201343 
601 586 
601586 
201679 
300674 
300674 
301019 
601634 
201636 
301427 
300562 
300732 
601625 
300698 
300476 
301481 
301262 
600896 
600916 
700637 
300188 
300339 
301679 
300468 


CPL SI O 2 

WESTRUM, E 
CRYS SI O 2 

SCLAH. C GARRISON 
CRYS SI O 2 

FLOERKE, O 
CRYS SI O 2 

ANIKINA. L 
CRYS SI O 2 

ARNOLD, H 
MPP SI O 2 

NAGARJAN. G 
REAC SI O 2 

LEONOV 
SPK SI O 2 

SODA. K 
THER SI O 2 

SCHIC K. H AN I'HROP 
THER SI O 2 

SC’HK'K. H 
CRYS SI O 2 

SMITH, G AI.EXANDER 
CRYS SI O 2 

SMITH, Cm 
MPP SI O 2 

STEPIN, B 
REAC SI O 2 

KAY, 1) PAYLOH. J 
REAC SI O 2 

KOMATSl/. N GRANT 
PHAS SI O 2 

BEKEZNOI. A GCLKO 
TRT SI O 2 

SCLAR, C GARRISON 
TRT SI (J 2 

CHAKLADKR, A 
TRT SI O 2 

C'HAKLADER. A 
TRT SI O 2 

CHAKLADER. A 
PHAS SI O 2 

DACHILLE, F ROY. R 
CPH SI O 2 

MITKINA. E 
TRT SI O 2 

SEMKNCHKNKO. V 
CRYS SI C) 2 

STISHOV, S BELOV 
DH SI O 2 

WISE, s mah(;ra\ e 

CPL SI O 2 

CLARK, A STRAKNA 
CRYS SI O 2 

EMONS. H BOENICKE 

CRYS SI O 2 

HOLMCH LST. S B 
CRYS SI O 2 

PHELSINC'.ER. A 
CRYS SI O 2 

TROMEL, G KRISEMEN 
CRYS SI O 2 

STISHOV. S POPOVA 
DH SI O 2 

WISE, S 

DH SI O 2 

GOOD, W 
OH SI O 2 

COCHRAN. C FOSTER 
DH SI O 2 

WISE, S MARGRASE 
DHT SI O 2 

MACKENZIE. J D 
EMF 81 O 2 

BENZ. R WA(;NER, C 
F SI O 2 

CHIPMAN. J 
KIN SI O 2 

AINSLIE, N MACKENZ 


60 701021 

62 301584 

62 301449 

62 301173 

62 301176 

63 202106 

61 301622 

62 301691 

63 301680 

60 202130 

63 202139 

63 202140 

63 202142 

63 202066 

62 202077 

61 202002 

62 301585 

63 301425 

63 301426 

63 301201 

59 301210 

60 301306 
er- 301349 

62 301363 

63 301381 

62 300580 

62 300562 

61 700517 

62 300963 

69 700690 

61 201716 

62 300741 

62 300394 

62 300396 

62 300396 

60 300139 

61 700640 

61 201060 
81 600837 
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MPP SI O 2 


GREBENSHCHIKOV. R 

PHA8 SI O 2 

60 

200973 

GIELISSE, P 

PH AS SI O 2 

62 

201 740 

ARAMAKI, S ROY, R 

PHA8 SI O 2 

62 

201696 

TROMEL, G KRISEMEN 

PHAS SI O 2 

69 

700690 

MORIYA, Y 

PHAS SI O 2 


201363 

KHLAPOVA, A 

PHAS SI O 2 

62 

301 146 

KHLAF^OVA. A 

PHAS SI O 2 

61 

201848 

TOROPOV, N GALAKHO 
REAC SI O 2 

61 

201966 

KAY, i; TAYLOR, .1 

SPK SI O 2 

60 

300131 

MARKIN, E SOBOLEV 

SPK SI O 2 

60 

200979 

S013A, K 

TCON SI O 2 

61 

201302 

W RAY, K CTJNNOLLY 

THER SI O 2 

69 

600620 

KAY, D l AYLER. J 

TRT SI () 2 

60 

300131 

BOYD, F ENGLABD. J 

THER SI O 2 

63 

301 193 

MAC KENZIE. J I) 

THER SI O 2 

60 

3001 39 

RAMSTAD, H HK’HAKI) 
VAP SI O 2 

61 

300339 

NESMEYANOV. A FIRS 

VAP SI () 2 

60 

200963 

FIRSOVA, L NESMEYA 

VAP s: O ^ 

60 

701004 

FIRSOVA LNESEMEY 
PHAS SI20 

60 

200761 

DADAPE. V MAR(;RAVE 
PHAS SI20 1 

62 

300661 

CREMER, E FAESSLER 
SURF SI OXIDES 

69 

201034 

LKPINSKIKH, H 

VAP SI OXIDES 

60 

201216 

FIRSOVA, L NESMEYA 

VAP SI OXIDES 

60 

201020 

NESMEYANOV. A FIRS 
PHAS SI o sYsr 

69 

201019 

FLOERKE. () 

MPP SI O SYS'I' 

61 

301220 

APPEN, A KAIALOVA 

TMEO SI o sYs r 

62 

300689 

VORONKOV, M 

CPH SI \ sYsr 

61 

301004 

(iOLUTV IN. Y KOZLOV 

62 

300568 

SPK SIMPLE MOLECT 

LES 


DOUCILAS. A 

CPH SM 

65 

600678 

ARAJS, S COLVIN. R 

CPH SM 

62 

300761 

.lExNNlNGS, L HILL 

CPL SM 

69 

601197 

DKKYFliS, B (’.OODMAN 

61 

601417 


CPL SM 

FiOHERTS, L 67 601089 

CPL SM 

LOllNASMAA.O 62 300780 

CRYS SM 

DAANE, A I111NM31.E, H 63 601216 

CRYS SM 

DAANE, A HDNDEK. H 64 601230 

CRYS SM 

ellin(;er, f zachak 63 000947 

OH SM 

HlJBEFi. E Be 601272 

DH SM 

HUBER, E MATTHEWS 66 601008 


DH 

SM 



SAVAG 

E. W HUF^SON 

69 

601126 

ERES 

SM 



OLSEN 

. c 

60 

601336 

ERES 

SM 



ALSTA13. .1 COLVIN 

61 

201099 

SPK 

SM 



DREYF 

T)S. B GOODMAN 

61 

601417 

SPK 

SM 



SCHWARZSCHILF^, M 

67 

601047 

SPK 

SM 



BURBRIDGE. E BUKBR 

56 

601003 

SPK 

SM 



SMITH 

. K SPAL13ING 

62 

300777 

SPK 

SM 



GARSTANC;. R 

62 

100207 

SPK 

SM 



MC'NALLY, J 

62 

100211 

SPK 

SM 



SMITH 

. D MCNALLY 

50 

100197 

SPK 

SM 



BRIX, 

P 

49 

400627 

SPK 

SM 



BRIX. 

P KOPFERMANN 

49 

400543 

SPK 

SM 



GRATTON, L 

62 

400667 

SPK 

SM 



BRIX, 

P KUPPERMAN 

62 

400674 

SPK 

sM 



BODM 

EK, A 

64 

600936 

SPK 

SM 



SPRIG 

ANOV. A KATCL 

62 

601468 

SPK 

SM 



Ml RA 

K \W'A, K 

64 

600968 

SPK 

SM 



DIEKE 

. C; SARUP. R 

62 

201718 

SPK 

SM 



FEDOF 

■ ILO\ , P KAPLV 

62 

201766 

THER 

sM 



SPEDDINC;. F H MC'KE 

60 

700670 

TRT 

SM 



ANON 


63 

601 502 

VAP 

SM 



ANON 


66 

601319 

VAP 

SM 



SAVAG 

E. W Hl’DSON 

59 

601 126 

PHAS 

SM H 4 



GALLOWAY. C, 

62 

701078 

REAC 

SM H 4 



GALLO'N AY, G 

62 

701078 

CEM P 

-M B b 



SA MSI 

).^ . W . G PADEHN 

59 

300143 

ERES 

.>M B 6 



PADERNO. Y SAMSONO 

61 

301072 

PHAS 

SM B 6 



(JALLOWAY, G 

62 

701078 

REAC 

SM B 6 



SAMSONOV, c; ZHLRAV 

59 

201768 

CRYS 

SM B SYS'P 



ANON 


61 

601376 

CRYS 

SM N 



EK K. 

H BAENZIGEH 

66 

601046 

ERES 

SM N 



DIDCI 

lENKO. R C;oKTS 

63 

301435 

PHAS 

SM N 



KICK. 

H BAF.r ZIGEFi 

66 

601046 

REAC 

SM N 



EICK. 

H BAENZIGKR 

66 

601046 

REAC 

SM NITRIDES 



KICK. 

Fi 

67 

601053 

CRYS 

SM O 



ELL1> 

JC'.ER. F ZACHAR 

53 

600947 

VAP 

SM O 



KULV 

ARSHAYA. B MAS 

60 

301064 

SPK 

SM2 



BL’HBRinOE, C. BGHBR 

64 

600937 

CPH 

SM20 3 



PANK 

KATZ, 1, KING 

62 

300968 
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CPL SM20 3 

JUSTICE, B WESTRUM 63 300907 

CRY9 SM20 3 

STARITZKY.E 66 601267 

CRYS SM20 3 

KUTSEV^ V SMAC.INA 63 301616 

CRYS SM20 3 

CROMER. D 67 601304 

CRYS 8M20 3 

CROMER. D 67 601062 

CRYS SM20 3 

OOUC.LASS. R STARIT 66 601011 

CTEX SM20 3 

PLOETZ, G 67 601309 

MSP SM20 3 

PANISH, M 61 601372 

TRT SM20 3 

WISNYI, L PIJANOWS 57 601066 

VAP SM20 3 

PANISH, M 61 601372 

PHAS SM OXIDES 

EICK, H BAENZIGER 66 601070 

REAC SM OXIDES 

EICK, H BAENZIGER 66 601070 

REAC SM OXIDES 

EICK, H 67 601063 

BIB SN OXIDES 

JONES, P 60 200984 

CRYS SM O SYST 

EICK, H 66 601289 

PHAS SM O SYST 

EIC:K, H 66 601289 

MPP SOLAR FURNACE 

MANVELYAN. M MELIK 6i 400606 

THEO SOLID STATE 

DEKHTYAR.I 69 300411 

CEMP SOLIDS 

Ki:CHEROV. R YA RIK 60 300164 

CPH SOLIDS 

JVANOVA.Ll 61 300249 

7HER SOLIDS 

GLUSHKO. V 62 301221 

TMEO SOI. IDS 

IVERONOVA, V ZOYAG 63 202061 

THER SOLIDS 

MARINCHUK, A MOSKA 63 202092 

CPH SOLIDS 

LANDIYA, N TSAGARK 62 301616 

CPH SOLIDS 

ROSENSTOCK.H 61 301663 

CRYS SOLIDS 

BRADLEY, J 63 301411 

OH SOLIDS 

VOHOBEV, A PRIVA 60 300136 

PHAS SOLIDS 

SCHAFER, K 60 300133 

PHAS SOLIDS 

IVANOVA, L I 61 300249 

PHAS SOLIDS 

DEVRIES, K BAKER 60 600666 

REAC SOLIDS 

BUDNIKOV, P GINSTL 61 300316 

REV SOLIDS 

SWALIiN.R 62 300703 

THEO SOLIDS 

SCHAFER, K 60 300133 

THEO SOLIDS 

ORMONT, B 63 301317 

THEO SOLIDS 

KRESTOVNIKOV. AVI 60 301612 

THEO SOLUBILITY 

WABER, J GSCHNEIDE 63 301374 

THEO SOLUTIONS 

KHACHATURYAN. A 63 202067 

THER SOLUTIONS 

KLEPPA,0 62 301603 

THEO SPECIFIC HEAT 

WAJTOWJCZ. P J KIR 60 700641 


THEO SPECIFIC HEAT 

ROSENSTOCK. H B 61 700643 

THEO SPECTRA 

MASON. S 61 201224 

THEO SPECTROSC:OPY 

GRIBOV, L 62 900220 

THEO SPECTROSCOPY 

VARSHNI. V P SHUKL 61 700698 

BETA SR 

EVDOKIMOVA. V VERE 60 201072 

SPK SR 

PENKIN, N SHABANOV 62 601601 

SPK SR 

('ODLING, K 61 600776 

SPK SR 

SHADMI.Y 61 700964 

VAP SR 

KOZHEVNIKOV,!; 63 301610 

CEMP SK B 6 

JOHNSON, R DAANE 63 301489 

DH SR B t) 

SAMSONOV. G SEUEBR 61 601681 

ERES SK B 6 

SAMSONOV. G SEREBH 61 601681 

THER SR B H 

BOIJ’iAR, A 61 700938 

VAP SR B 

SAMSONOV. G SEREBR ei 601681 

VAP SR B « 

HOLGAK, A 61 700938 

CRYS SR2MG17 

KKIPYAKEVICH, P 201670 

PHAS SR MG SI SYSJ 

DEAR. P 60 201548 

DH SR O 

MAH. A 63 202093 

E SR O 

LAGERQVIST. A HULD 64 600681 

ERES SR O 

ADAMS. M JACOB. L 60 200763 

SPK SR O 

LAGEKQVIST. A ALMK 64 600680 

SPK SR O 

NICHOLLS. R 62 300698 

SPK SR O 

HULDT, L LAGERQVIS 66 600893 

SPK SR O 

HULDT, L LAGERQVIS 66 600894 

SPK SR O 

VEITS, I GURVICH 67 600899 

SPK SR O 

ALMQVIST, G LAGERQ 49 600922 

THER SR O 

SCHICK, H ANTHROP 62 300996 

VAP SR O 

METSON.G 63 301636 

CEMP SR OXIDES 

PALGUEV. S NECEIMI 62 201717 

DHD SR OXIDES 

VEITS, I GURVICH 66 700964 

THER SR OXIDES 

VEITS, I GURVICH 66 700964 

THER SR OXIDES 

ORTNER, N ANDERSON 69 701066 

VAP SR OXIDES 

ORTNER. N ANDERSON 69 701066 

CPH SUBSTANCES 

IVANOVA, L 61 201347 

THER SUBSTANCES 

OSBORN, D STEIN. L 62 201923 

REV SUBSTANCES 

OSBORN. D STEIN. L 62 201923 

REAC SULFABORIDES 

FLAHAUT, J DOMANOE 62 300612 

SPK SUN 

GOLDBERG, L MULLER 63 600710 

VAP SURFACES 

TSVETAEV. A GLAZUN 61 300768 
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THCO SYSTEMS 

NECKEL, A ai 300609 


T 


BOOK TA 

SAMSONOV. G KONSTA 
CPM TA 

JOHNSON, R 
CPL TP 

FEATHERSTON, F NEI 
MPP TA 

FRERICHS. R 
MPP TA 

KOPETSKIY, CH. 

CPM TA 

KRAFTMACHER, lA 
VAP TA 

CANO, G 
BETA TA 

KRIJPNIKOU, K BAKAN 
BIB TA 

WENSRICH. C 
BIB TA 

ANON 

BIB TA 

WOHLL. M 
BIB TA 

WENSRICH, O 
CEMP T^ 

RICKERT. K BECKETT 
CPM TA 

FINCH. R 
CPM TA 

RASOR. N Ml'CLELLAN 
CPM TA 

LEHMAN, G 
CPM TA 

CARTER, W 
CPM TA 

HOCH. M 
CPM TA 

RASOR, N MCI'LELLAN 
CPM TA 

TAYLOR. R 
CPL TA 

FINCH, R 
CPM TA 

HOCH. M JOHNSTON 
CPL TA 

TAYLOR, R 
CPL TA 

BORELIIJS, G 
CPL TA 

BOORSE. H BERMAN 
CPL TA 

COCHRAN. J 
CRVB TA 

VASIJTINSKY. B KART 
CRVB TA 

EDWARDS. J SPEISER 
CRVB TA 

FERRISS. D ROSE. R 
CTEX TA 

EDWARDS. J SPEISER 
CTEX TA 

CARTER. W 
CTEX TA 

RASOR. N MCCLELLAN 
•PK TA 

CLAUS. H ULMER. K 
CTEX TA 

NOWOTNY, H LAUBE 
ELCM TA 

MONNIER. R GRANDJE 


61 

301670 

60 

301486 

63 

301444 

62 

301460 

62 

301270 

62 

301282 

62 

301423 

63 

301149 

60 

700972 

60 

701022 

60 

700723 

60 

700890 

49 

601638 

61 

700647 

60 

700896 

60 

300304 

61 

601631 

61 

201167 

60 

700984 

61 

201260 

61 

700647 

61 

700613 

61 

201260 

60 

601168 

66 

700887 

62 

201877 

62 

301009 

61 

601179 

62 

301137 

61 

601179 

61 

601631 

60 

700984 

63 

202017 

61 


60 



EREB TA 

FINCH. R 
EREB TA 

BRIDGMAN. P 
EREB TA 

TYE. R 
EREB TA 

TAYLOR. R 
KIN TA 

KOFSTAD, P 
MI8C TA 

HAMPEL. C 
MI8C TA 

BASKIN. M TRETYAKO 
MPP TA 

RICKERT. E BECKETT 
MPP TA 

RASOR. N MCCLELLAN 
MPP TA 

ARGENT, B MILNE. G 
MPP TA 

RILEY. W MCCLELLAN 
MPP TA 

MYERS. R 
PHA8 TA 

HAWORTH. C 
PMA8 TA 

SHAFFER. P 
PMAS TA 

ERBEN, E LESSER. R 
PMA8 TA 

ROSTOKER. W 
PHA8 TA 

VASYUTINSKII, B 
PMCM TA 

BOLEF, D 
PREP TA 

MILLER. G 
REAC Ta 

MILLER, G 
REAC TA 

DEUTSCH, N ERVIN 
REAC TA 

COWGILL, M STRINGE 
REAC TA 

FRANTSFVICH, I LAV 
REAC ; A 

FAIRBRO \ ;AER, F COW 
REAC TA 

KUBASCHEWSKI. O HO 
REAC TA 

SCHAFER. H SIBBING 
REAC TA 

ENGELKE. J HALDEN 
REAC TA 

KONSTANTINOV. V 
REV TA 

BARTLETT, E SCHMID 
REV TA 

WOHLL. M 
REV TA 

ERBEN. E LESSER, R 
REV TA 

SYRE. R 
8PK TA 

ALLEN. R GLASIER 
8PK TA 

ROSEN ZWEIG. N PORT 
8PK TA 

TREES. R 
8PK TA 

ROSENZWEIG, N PORT 
8PK TA 

MOORE. C 
8PK TA 

KIESS. C 
TCON TA 

RASOR. N MCCLELLAN 


61 

700647 

61 

400633 

61 

201117 

61 

201260 

61 

201400 

61 

200669 

62 

201961 

49 

601636 

60 

O 

O 

Cl 

9 

9 

60 

201039 

62 

301060 

60 

600130 

60 

201017 

61 

700941 

61 

300323 

60 

201396 

62 

201776 

61 

200936 

62 

201943 

60 

200634 

60 

600123 

60 

600122 

69 

200669 

69 

200666 

60 

201036 

60 

201086 

60 

201629 

62 

301148 

61 

701062 

60 

701063 

61 

300323 

61 

201679 

60 

200828 

60 

700996 

61 

701067 

60 

700901 

68 

601088 

62 

201676 

60 

7009B4 
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TCON TA 

RASOR. N MCCLKLLAN 60 700890 

TCON TA 

TYE» R 61 201117 

TCON TA 

CONNOLY. A MENDELS 62 201636 

THEO TA 

ROSEN ZWEIG. N PORT 60 700996 

TMEO TA 

ROSENZWEIG. N PORT 60 700901 

THER TA 

SCHICK, H ANTHROP 63 300994 

THER TA 

CARTER, W 62 300749 

THER TA 

CARTER, W 61 601631 

THER TA 

RASOR, N MCCLELLAN 60 200960 

TRT TA 

W ILLIAMS. D JACKSO 62 301016 

TRT Ya 

MCMASTERS, O LARSE 61 600834 

VAP TA 

GEBHARDT, E SEGHEZ 62 601676 

VAP TA 

BABELIOWSKY, T 62 300868 

KIN TA SYST 

KUBASCHEWSKl. O 62 601677 

THER TA SYST 

KUBASCHEWSKl, O 62 601677 

PH AS TA AL C 

JEITSCHKO. W NOWOT 63 301466 

THER TA B 

LEITNAKER. J BOWMA 62 300663 

THER TA B 

MEERSON.G 60 300298 

CEMP TA B 2 

MATSKEVICH, T KRAC 62 301633 

H TA B 2 

MEZAKI, R TILLEUX 62 601617 

IWIPP TA B 2 

MALYUCHKOV. O POVl 62 202096 

S TA B 2 

MEZAKI, R TILLEUX 62 601617 

CRTS TA3B 2 

KIEFFER, B BENESOV 68 600619 

DH TA BR5 

SHCHUK AREV. S SM IR 60 200799 

DH TA BR5 

GROSS. P HAYMAN, C 62 300706 

PHA8 TA2B SYST 

LEITNAKER, J BOWMA 61 700696 

PHAS TA B SYST 

NOWOTNY, H BENESOV 69 201339 

PHAS TA B SYST 

LEITNAKER, J BOWMA 61 700696 

REAC TA B SYST 

SAMSONOV, G STRASH 62 300990 

VAP TA B SYST 

HASAPIS, A MELVEGE 61 701039 

MISC TA B C SYST 

FORNEY, G J MARSHA 61 300238 

COPT TA C 

COFFMAN, J KIBLER 60 700986 

COPT TA C 

HODDAD, R E GOLDWA 49 300160 

COPT TA C 

ECKSTEIN. B FORMAN 62 300806 

CRTS TA C 

VANARKEL. A 24 701086 

CRYS TA C 

BOWMAN. A 61 300806 

TRT TA C 

SHAFFER. P 63 202132 

MPP TA C 

GlORGl, A SZKLARZ 63 202039 

CEMP TA C 

BITTNER. H GORETZK 62 202004 


MPP TA C 

DERGUNOVA, V KOLON 63 202026 

CRYS TA C 

BOWMAN, A 61 600836 

ERE8 TA C 

COOPER, J HANSLEK 63 301207 

VAP TA C 

FESENKO. V BOLGAR 63 301216 

DH TA C 

HUBER, E HEAD, E 63 301248 

CEMP TA C 

INGOLD, J 63 301261 

REAC TA C 

SAMSONOV, G 301671 

REAC TA C 

SAEKI, Y OMORI, (; 63 301339 

THER 'I’A C 

SCHICK, H ANTHROP 63 301680 

DH TA C' 

KORNILOV. A LEONID 62 300923 

DHD TA C 

BITTNER, H ('.OHETZK 62 301132 

MPP TA C 

NORTON. J MOWRY. A 49 300167 

PHAS TA C 

BENESOVSKY, E Rl^DY 61 100181 

PHAS TA C 

NADLER, M KEMPTER 60 300301 

PHAS TA C 

SHAFFER, P 61 700941 

PHAS TA C 

SHAFFER, P 61 701067 

PHAS TA C 

NORTON. J 60 701001 

PHAS TA (’ 

ZALABAK.C 61 701026 

PHAS TA C 

MAR riN, R SEAGLE 61 300308 

PHAS TA C 

RYBALCHKNKO, R TRE 61 300346 

8PK TA C 

('OFFMAN, . I KIBLER 60 700993 

THER TA C 

COFFMAN, J KIBLER 60 700993 

TRT TA C 

ZALABAK.C 61 2009B8 

TWr TA C 

MARTIN. R SEAGLE 61 300308 

VAP TA C. 

COFFMAN, J KIBI.KH 60 700986 

VAP TA C 

COFFMAN. J KIBLER 60 700993 

THER TA-JC 

SCHICK, H ANTHROP 63 301680 

PHAS TA‘2C 

KLEIN. R LEDER, L 63 301601 

OF TA CL5 

JKRE, G PATEL. C 60 200860 

DH TA CL5 

SHCHUKAREV, S SMIR 60 200799 

THER TA C SYST 

CUNNINGHAM, G WARD 63 301208 

PHAS TA C SYST 

VAUGHAN, D STEWAR 60 700990 

PHAS TA C SYST 

NADLER. M KEMPTER 60 700903 

REAC TA C SYST 

SAMSONOV. G STRASH 62 300990 

REAC TA C SYST 

PORTNOI. K LEVINSK 61 300216 

CPL TA2H 

SABA. W WALLACE. W 61 300810 

THER TA HF C 

RUDY.E 63 301166 

MPP TA N 

SAMSONOV, G VERKHO 81 301673 

REAC TA N SYST 

OSTHAGEN. K KOFSTA 63 301848 
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CPM TA N 

NEEL, D PEARS. C 61 

MPP TA N 

SAMSONOV, C; VEHKHO 62 

CRYS TA N 

VANARKEL. A 24 

TMER TA2N 

BOLGAR, A 61 

VAP TA2N 

BOLGAR. A 61 

PHA8 TA NI 

SEEBOLD, R BIRKS 61 

PHA8 TA N12 

SEEBOLD. R BIRKS 61 

PHA8 TA3N12 

SEEBOLD. R BIRKS 61 

CEMP TA NITRIDES 

SAMSONOV. G 60 

DH TA NITRIDES 

SAMSONOV. 60 

REV TA NITRIDES 

SAMSONOV. (; 60 

ZKP TA N SYST 

GEBHARDT, E SEGHEZ ei 

REAC I'A N SYST 

OESTHAGKR, K KOFS'I' 63 

PH AS I’A N SYST 

VAUGHAN, I) STEWAR 60 

MSP TA NB SYST 

AMOSOV. V M LANIS 61 

VAP TA NB SYST 

AMOSOV. V M LANIS 61 

VAP TA O 

BABELIOWSKY, T BOE 63 

SPK TA O 

PKEMASWAHUP. D 66 

OF TA ^ 

AC'KEHMANN. R THORN 68 

OMD TA O 

(HILUSTEIN, H WAI.SH 68 

OHO 'I'A O 

W ALSH. P WHU'E I) 68 

KIN PA O 

ON(;,T 62 

SPK PA O 

PREMASWARI P, D BAR 67 

SPK TA O 

(GRAVEN, W 61 

THER TA O 

SCHK'K, H ANTHROP 63 

TMER TA O 

AC'KERMANN. R THORN 68 

TMER TA O 

PEMSLER..IP 61 


VAP TA O 

ACKERMANN. K I'HORN 68 
OF TA O 2 

ACKERMANN, R THORN 68 
THER TA O 2 

SCHICK. H ANTHROP 63 

TMER TA O 2 

ACKEFtMANN. R THORN 68 
VAP TA O 2 

ACKERMANN, R THORN 68 


MPP TA O 

SIMANOV. Y LAPITSK 64 

MPP TA O 5 

LAPITSKIY. A SIMAN 64 

SPK TA O 5 

CONLON. D DOYLE, W 61 

CRYS TA20 5 

CZARNY.Z 63 

REAC TA20 ?> 

KOFSTAD, P 63 

OH TA20 5 

KORNILOV, A LEONID 62 

THER TA20 6 

KORNILOV. A LEONID 62 


300146 
300097 
701066 
700938 
700938 
300296 
300296 
300296 
700947 
700947 
700947 
700646 
300967 
700990 
300175 
300176 
301 1 79 
301323 
601610 
201098 
700806 
201916 
600918 
201 619 
301680 
601087 
700660 
601 610 
601610 
301680 
601087 
601610 
301 119 
301 112 
201326 
301209 
202072 
601591 
601691 


THER TA20 5 

SCHICK, H ANTHROP 
VAP TA20 5 

KOFSTAD. P 
REAC TA OXIDE 

BRAUER, G MULLER 
PHA8 TA OXIDES 
WASILEWSKI. R 
KIN TA O SYST 

KOFSTAD. P 
KIN TA O SYST 

KOFSTAD, P 
PHA8 TA O SYST 

BRAUER, G MUELLER 
PHA8 TA O SYST 

KOUBA, L TRUNOV, V 
PHA8 TA O SYST 

VAUGHAN, D STEWAR 
PHAS TA O SYST 

ANON 

PHAS TA O SYST 

KUBASCHEWSKl. O 
PHAS TA O SYST 

NORMAN. N 
PHAS TA O SYST 

NORMAN, N KOFSTAD 
VAP TA O SYST 

ANON 

ZKP TA O SYST 

HOCH. M MATHUK, M 
PHAS TA RE SYST 

BROPHY, J SCHWARZK 
KIN TA TI SYST 

von OVTCH, R 
PHAS lA U C SYST 

BENESOVSKY, F RUDY 
PHAS TA V SYST 

EREMENKO, V TRETYA 
PHAS TA V SYST 

EREMENKO, V TRETYA 
KIN TA W SYST 

VOITOVICH. R 
PHAS TA W C SYST 

RI:DY, E RUDY, E 
VAP TA W O SYST 

ANON 

PHAS TA W RE SYST 
BROPHY. J KAMDAR 
PHAS TA ZR SYST 

WILLIAMS, D .lACKSO 
CPL TB 

HELTEMES, E SW^ENSON 
CPL TB 

LOUNASMAA, O ROACH 
CRYS TB 

KOEHLER, W WOLLAN 
ERES TB 

COLVIN. R LEGVOLD 
MPP TB 

IONOV, N MITTSEV 
SPK TB 

BURBRIDGE, E BURBR 
VAP TB 

WHITE, D WALSH, P 
VAP TB 

WHITE, D W ALSH, P 
VAP TB 

WHITE, D WALSH. P 
CEMP TB B 6 

SAMSONOV. G PADERN 
PHAS TB O 

EYRING. L HOLWBERG 
CRYS TB O 2 

GRUEN, D KOEHLER 
CRYS TB20 3 

GRUEN, D KOEHLER 
CRYS TB O SYST 

BAENZIGER.N EICK 


63 

301680 

62 

300686 

301106 

61 

201080 

63 

301606 

63 

301606 

63 

301196 

62 

301278 

60 

700990 

60 

701016 

62 

601677 

62 

300374 

62 

300627 

60 

701016 

62 

300687 

60 

200803 

61 

201310 

61 

301406 

60 

201492 

62 

201711 

61 

201310 

62 

300967 

60 

300229 

61 

201340 

62 

301016 

61 

20141 1 

62 

701082 

61 

301604 

60 

601389 

61 

60141 1 

65 

601003 

60 

301622 

61 

301014 

61 

300466 

69 

300143 

62 

601690 

61 

400646 

61 

400646 

61 

300184 
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PHAS TB O SYST 

BAENZIGER. N C EIC 
CRVS TC 

LAM. D DARBY. J 
MI8C TC 

MURIN. A N NEFEDOV 
PHAS TC 

SZABO, Z LAKATOS 
MPP TC 

EAKINS. J HUMPHRIB 
PHAS TC 

ANDERSON. E BUCKLE 
REV TC 

MURIN. A N NEFEDAV 
SPK TC 

SHADMI. Y 
THER TC 

SCHICK, H ANTHROP 
THER TC 

MARGRAVE. J 
TRT TC 

SZABO. Z LAKATOS 
8PK TC F 6 

CLAASSEN. H SELIG 
THER TC O 

SCHICK. H ANTHROP 
OH TE 

WHITE. D 
8PR TE 

NORRIS. J 
REAC TE C 

TRZEBIATOWSKI. W 
BIB TH 

DAVID, L 
CRV8 TH 

AMONENKO. V VASYUT 
CEMP TH 
FRANCIS. E 
CEMP TH 
MESMARD, G UYAN, R 
CEMP TH 
RIVIERE. J 
C»H TH 

MITKINA, E 
CPH TH 

WALLACE. D C 
CPM TH 

WALLACE. D C 
CPL TH 

CLUSIUS. K FRANZOS 
CPL TH 

GRIFFEL, M SKOCHDO 
CPL TH 

SMITH, P WOLCOTT 
CPL TH 

BORELIUS, G 
CRV8 TH 

SMITH. J 
CRVS TH 

DAWSON. J 
CRY8 TH 

CHIOTTI, P 
CRY8 TH 

ANON 

CRY8 TH 

THOMPSON,. I 
CRY8 TH 

CHIOTTI. P 
CRY8 TH 

MCCALDIN. J DUWEZ 
CTEX TH 

WILSON. W AUSTIN 
OH TH 

HOLLEY, C HUBER. E 
OH TH 

HUBER. E V HOLLEY 
ERES TH 

ANON 


61 300184 

61 601686 
61 700674 

63 601673 

63 301214 

60 700676 

61 700674 

61 700964 

62 300996 

61 700967 

62 601673 

62 201864 

62 300996 

61 201217 

60 601194 

62 201867 

63 600967 

63 301170 

68 601636 

61 400668 

62 201806 

69 201029 

60 300132 

60 700669 

66 601038 

63 600966 

66 601137 

60 601168 
68 601073 

62 100187 

64 601198 

67 601297 

62 201648 

64 01227 

64 600966 

66 601071 

60 601178 

62 400666 

66 601312 


ERES TH 

BENDER. D 49 

ERES TH 

MURK. K 69 

ERES TH 

BOESCHOTEN, F 69 

ERES TH 

BERLINCOURT, T 69 

ERES TH 

DANFORTH. W MORGAN 60 

H TH 

OELSEN. W 66 

KIN TH 

PETERSON. D 61 

MPP TH 

FRANCIS. E 68 

MPP TH 

MURRAY. J 68 

MPP TH 

SMITH. J 68 

MPP TH 

SKINNER. G BECKETT 60 

PHAS TH 

ANON 62 

PHAS TH 

ANON 57 

PHAS TH 

WII^ON. W AUSTIN 66 

PHAS TH 

VON BOLTON. W 08 

PHAS TH 

MARDEN. J KENTSCHL 27 

PHAS TH 

SCHULTZE, A 30 

PHAS TH 

BADAEVA. T 61 

REAC TH 

DEYE. R 60 

REAC TH 

DEUTSCH, N ERVIN 60 

REAC TH 

MURRAY, J 68 

REV TH 

KAUFMANN.A 62 

REV TH 

ROLLEFSON, G HA(;FM 61 

REV TH 

MURRAY..; 68 

REV TH 

KATZIN.L 66 

REV TH 

SANDERSON. L 61 

REV TH 

FRANCIS, E 68 

REV TH 

FRANCIS, E 68 

REV TH 

VETEJSKA, K 60 

REV TH 

RYABCHIKOV. D GOL 61 

SPK TH 

CHARLES 68 

SPK TH 

K LINK EN BERG. P LANG 60 

SPK TH 

DAVISON. A GIACCHE 62 

SPK TH 

STUKENBROEKER. G M 60 

SPK TH 

NORRIS. J 60 

SPK TH 

ZABULAS. R 69 

SPK TH 

KLINKENBERG, P 60 

SPK TH 

ANON 68 

SPK TH 

RACAH, G 60 


601404 
601623 
601626 
601666 
400636 
600980 
201246 
601636 
601094 
601073 
601226 
601629 
601306 
601071 
8001 1 7 
900119 
900117 
201890 
601 1 66 
600123 
601094 
601429 
601106 
601094 
601020 
300376 
601636 
601127 
601187 
700666 
601084 
400622 
300823 
601383 
601194 
601192 
400631 
601 649 
400647 
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SPK TH 

OSARO. F PERLMAN 
SPK TH 

KESSLER. D 
SPK TH 

EISENBERG. Y 
SPK TH 

TREES, R 
SPK TH 

VERNYL, E EGOROV 
SPK TH 

ELYASHEVICH. M 
SPK TH 

PLSTORIUS, C 
SPK TH 

SCHUURMANS, P 
TCON TH 

SI DELES. P DANIE1.S 
THER TH 

SCHICK, H ANTHROP 
TMER TH 

CHIOTTI, P 
THER TH 

ACKERMANN. H THORN 
TMER TH 

PETERSON. D 
THER TH 

MARCiRAVE. J 
THER TH 

SMITH. J 
THER TH 

DARNELL, A J MC( OL 
TRT TH 

MCCALDIN.J DUWEZ 
TRT TH 

REID. A WILMHURST 
TRT TH 

DEYE, K 
TRT TH 

SCHCLTZE. A 
TRT 'PH 

MC MASTERS, O LARSE 
TRT TH 

M ARDEN. .1 KENTSCHL 
VAP TH 

DARNELL, A 
VAP IT! 

AC^KKRMANN, K THORN 
VAP TH 

TOSIM, S 
VAP TH 

DARxNELL. A J MCCOL 
VAP TH 

M URBACH. E 
VAP TH 

GOLDWATER. D DANKO 
VAP TH 

VON BOLTON, W 
MPP TH 

ROUGH. F A CHUBB 
CRYS TH B 4 

ZALKIN, A TEMPELTO 
CRYS 1 H B 4 

ZALKIN. A TEMPLETO 
CRYS TH B 4 

ZALKIN. A TEMPLF'T'o 
REV TH B 4 

MATTERSON. K JONES 
CKMP TH B 6 

LAFFERTY, J 

^^SAMSONOV, V ZOUNA 
REAC TH B 6 

SAMSONOV. V ZOUNA 
PHAS TH BORIDES 
BREWER. L SAWYER 
PHAS TH B C SYST 
TOTH, L BENESOVSKY 


62 

400672 

61 

400676 

62 

400677 

60 

600862 

69 

601189 

63 

601413 

60 

200864 

46 

601290 

61 

601238 

62 

300996 

66 

601324 

62 

601616 

61 

201246 

61 

700967 

68 

60lb73 

60 

700667 

64 

600966 

63 

301666 

60 

601166 

30 

900117 

61 

600834 

27 

900119 

61 

201182 

62 

601616 

67 

601606 

60 

700667 

67 

601106 

60 

600691 

08 

800117 

60 

700668 

63 

100198 

60 

601410 

60 

400620 

61 

300324 

60 

400641 

66 

601061 

66 

601061 

60 

601400 

61 

201446 


PHAS TH B O SYST 

RASE, D 

PHAS TH BE C SYST 

BRISI. C ABBATTIST 
PHAS TH BE 

BADAEVA, T KUZNETS 
PHAS TH BE 

BADAEVA, T KUZNETS 
PHAS TH C 

KEMPTER. C KHIKORl 
REAC TH C 

SAMSONOV. G KASALA 
REV TH C 

ROUGH, F CHUBB, W 
CRYS TH C 2 

HUNT, G B BUNDLE 
OF TH C 2 

ANON 

VAP TH C 2 

MIKHAILOVSKII. B 
OF TH C 2 

M ASLAN. F 
OF TH C 2 

ANON 

DH PH C 2 

PRESCOTT, C HINCKE 

PHAS TH C 2 

ANON 

PHAS TH (' 2 

KEMPTER, C KRIKOKI 
PHAS TH C 2 

PRESCOTT, C HINUKE 
TMER TH (' 2 

ANON 

TMER I'H C 2 

ANON 

TRT TH C 2 

PHEvSC:OTT. C HINCKE 
MPP TH CARBIDES 

SKINNER, G BEC KETT 
REAC T'H CARBIDES 

WILHELM, H CHIOTTI 
PHAS TH C SYST 

ROGERS, B 
PHAS IHCSYST 

MICKELSON, R PETER 
PHAS TH C SYST 

CHIOTTI. P 
PHAS TH C SYST 

WILHEM. H CHIOTTI 
TRT TH C SYST 

WILHKM, H CHIOTTI 
TRT H C SYST 

CHIOTTI, P 
BIB TH C SYST 

COMSTOCK, M 
PHAS TH CE 

BADAEVA. T KUZNETS 
PHAS TH CE LA SYST 

EVANS, D RAYNOR. G 
SPK TH I 

ZABULAS. R 
PHAS TH F 4 

KIRSHENBAUM, A 
PHAS TH MMSYST 
MCMASTERS. O PALME 
PHAS TH MO C 
RUDY, E BENESOVSKY 
PHAS TH MO C SYST 

RUDY, E BENESOVSKY 
REAC TH MG SYST 

UNSWORTH. W 
CRYS TH N 

CHIOTTI, P 
TMEO TH N 

BAUGHAN, E 
TRT TH N 

CHIOTTI. P 


60 

600872 

61 

201607 

61 

201833 

61 

201891 

62 

30061 7 

60 

700376 

60 

600610 

51 

400673 

60 

601337 

63 

301302 

69 

601364 

69 

600608 

27 

9001 16 

60 

601414 

62 

30061 7 

27 

9001 16 

60 

601458 

60 

601414 

27 

9001 1 6 

60 

601226 

49 

400636 

60 

601266 

67 

601067 

62 

100204 

60 

400621 

60 

400621 

62 

100204 

60 

600623 

61 

201897 

62 

201812 

69 

601192 

61 

201163 

62 

301636 

63 

301666 

63 

301332 

60 

200876 

62 

601237 

69 

300868 

62 

801237 


2-749 



BIB TH N 

COMSTOCK. M 
CPH TH3N 4 

SATO, S 

DH TH3N 4 

NEUMANN. B KROGER 
MPP TH NITRIDES 

SKINNER. G BECKETT 
OF TH O 

ACKERMANN. R THORN 
PMA8 TH O 

KORNILOV. I 
SPK TH O 

ROSEN, B 
THER TH O 

SCHICK. H ANTHROP 
THER TH O 

ACKERMANN. R THORN 
VAP TH O 

ACKERMANN, R THORN 
THER TH O 2 

ACKERMAN, E. RAUH 
CPH TH O 2 

HOCH, M JOHNSTON 
CPH GH O 2 

HOCH, M JOHNSTON. 
REAC TH O 2 

KOMAREK, K COUCOUL 
TRT TH O 2 

MUMPTON, F ROY, R 
CPL TH O 2 

OSBORNE. D WESTRUM 
CRTS TH O 2 

DRAPER, A MILLIGAN 
CRTS TH O 2 

VAN ARKEL, A 
CRTS TH O 2 

VOGEL. R KEMPTER 
CTEX TH O 2 

SKINNER. B 
CTEX TH O 2 

GRAIN. C CAMPBELL 
CTEX TH O 2 

KEMPTER, C ELLIOTT 
OF TH O 2 

ACKERMANN. R THORN 
DH TH O 2 

VON W\RTENBERG, H 
DH TH O 2 

CHAUVENET, E 
ELCH TH O 2 

DAN FORTH, W 
ERES TH O 2 

VAN ARKEL, A FLOOD 
MSP TH O 2 

HASAPIS, A MELVEGE 

MPP TH O 2 

NAGASAWA, S 
PHAS TH O 2 

GRAIN, C CAMPBELL 
PHAS TH O 2 

RUFF, O EBERT. F 
SPK TH O 2 

COFFMAN, J KIBLEF 
SURF TH O 2 

DRAPER. A MILLIGAN 

TCON TH O 2 

ADAMS. M 
TCON TH O 2 

NORTON. H KINGERY 

TCON TH O 2 

WOCHMAN, J 
TCON TH O 2 

KINGERY. W FftANCL 
THER TH O 2 

COFFMAN. J KIBLER 
THER TH O 2 

ACKERMANN. R THORN 


60 

600623 

39 

900114 

32 

900113 

60 

601226 

68 

601 610 

60 

200769 

62 

301660 

62 

300996 

68 

601067 

68 

601610 

63 

301 164 

61 

201 171 

61 

700668 

63 

301269 

60 

301 308 

63 

600968 

69 

201104 

24 

701066 

69 

601 1 77 

67 

601066 

61 

601471 

59 

601 1 60 

58 

601 610 

09 

900108 

1 1 

900109 

57 

601 31 7 

63 

600960 

61 

701017 

60 

400630 

61 

601471 

29 

900120 

60 

700993 

69 

201104 

64 

600961 

62 

601240 

62 

601472 

64 

600971 

60 

700993 

68 

601087 


THER TH M2 

VICTOR. A DOUGLAS 
THER TH O 2 

INGHRAM, M CHUPKA 
THER TH O 2 

KUBASCHEWSKI. O 
THER TH O 2 

ZAREMBO, Y 
TRT TH O 2 

RUFF. O EBERT. F 
VAP TH O 2 

SHAPIRO, E 
VAP TH O 2 

COFFMAN. J KIBLER 
VAP TH O 2 

ACKERMANN, R THORN 
VAP TH O 2 

DARNELL, A 
VAP TH () 2 

ACKERMANN. R THORN 
VAP TH O 2 

ACKERMANN, R 
VAP TH O 2 

HASAPIS, A PANISH 
VAP TH O 2 

HOCH. M JOHNSTON 
CRVS TH OXIDES 

FRIED, S 

BIB TH O SYST 

COMSTOCK. M 
PHAS TH O SYSr 

WKST'RCM. E (;R0NV0L 
THER TH O SYST 

WESTRUM. E G RON VOL 
THER TH O SYST 

ACKERMANN. R THORN 
VAP TH O SYST 

WESTRUM, E (;K0NV0L 
VAP TH O SYST 

ACKERMANN. H THORN 
REAC TH O AI. SYST 
RALEIGH. D 
PHAS TH HH 

FERRO, R RAMBALDI 
REAC TH I 

KNIiLE, G GOEDDEL 
PHAS TH U B SYST 

TOTH, L NOW'OIHNY 
PHAS T'H V r SYS! 

IVANOV, O ALEKSEEV 
THEO TH I' C SYSl 

BENESOVSKY, F RUDY 
PHAS 'IH V 

PALMER, P M( MASTER 
PHAS TH W C 

RUDY, E BENESOVSKY 
CRTS TH Y SYST 

EVANS, D RAY NOR. G 
PHAS TH ZN SYST 

CHIOTTI, P GILL. K 
THER TH ZN SYST 

CHIOTTI. P GILL, K 
PHAS TH ZR 

BADAEVA. T ALEKSE 
PHAS TH ZH C SYST 
BODAEVA. T KUZNETS 
PHAS TH ZH C SYST 

RUDY, E BENESOVSKY 
PHAS TH ZR V SYST 

BADAEVA. T ALEKSEE 
CPH THEORY 

FOMICHEV, E KANDYB 
OF THEORY 

MAZO. R 

CPH THEORY 

LIDENKO. V YARYSHE 
CPH THEORY 

DiDENKO. V YARYSHE 


61 

201108 

67 

601067 

61 

600792 

61 

201449 

29 

900120 

62 

100186 

60 

700993 

66 

600983 

61 

201182 

68 

601610 

66 

601267 

60 

600667 

64 

600072 

66 

601021 

60 

600623 

62 

601613 

62 

601613 

62 

601 61 6 

62 

601613 

62 

601616 

62 

201 698 

61 

201696 

62 

201 626 

61 

201406 

61 

201876 

61 

900203 

62 

201791 

62 

201628 

60 

200874 

61 

700624 

61 

700624 

61 

201892 

63 

202006 

62 

300969 

61 

201893 

62 

300886 

63 

202100 

63 

301136 

62 

300878 


2-750 



CFH THEORY 

CHAMBERS, R 62 

CPU THEORY 

FOREMAN. A 62 

CPL THEORY 

HELLER. J WALLACE 62 

CPL THEORY 

MARADNDIN. A FLINN 61 

CPL THEORY 

MARADNDIN, A FLINN 61 

CRY8 THEORY 

RAU.R 61 

DM THEORY 

WILCOX, D 62 

DH THEORY 

REZNITSKll, L 61 

OHO THEORY 

VERHAEC.EN, (; STAFFO 62 

H THEORY 

FOMICHKV, E KANDYB 62 

MI8C THEORY 

SAMSONOV, C; KOVALC 02 

MSP THEORY 

(iOROKHOV. L 62 

PH AS THEORY 

JONES, (; 63 

PH AS THEORY 

HOHOVSKII. 1 MARCH 60 

VAP THKOrcY 

IC ZKOWSKI. R MARCIK 63 

VAP THECJRY 

(iREOORY.N 63 

VAP I H KORY 

MARTYN KKVK'H. O 61 

ZKP THEORY 

WREDKRKKHR. R 62 

BIB THERMO I ) Y N A M H S 

LATIMER, W 64 

PHAS THERMOD'i NAMirs 

Rl I»Y, K 62 

RE AC THKUMODYN AM ICS 

WAHLHKC'K. P EDWARD 61 

REV 'TH ER M(H )YN AM li'> 

HAZAROV.l 62 

REV THERMODYN AMICS 

W ELLS. I* 63 

REV I HERMODYNAMICS 

SKINNER. H WADDINCi 63 

THEO THER MODYNAM K'S 

HI DV. K 63 

THEO THERMOD VN AM K’S 

ANTHONY, R HLMMELB 63 

THEO I HER MOD Y NAM 1C 

MASLOV, P MASLOV 61 

THEO THERMODYN AMU'S 

STORONKIN A SHI i/l 60 

THEO THEKMODYNAMU s 

BAZAROV. I 61 

THEO THERMODYNAMK S 

MAYER. J 62 

THEO THERMODYNAMIC S 

PRILEZHAEVA. N 60 

TH E R THERMOD Y N A M U S 

MEIXNER..J 60 

VAP THERM O i:) Y N A M I C ' S 

BLANC. B 61 

BETA Tl 

KRlipNIKOC. K BAKAN 63 

BIB Tl 

WOHLL. M 60 

CPH Tl 

FIELDHOITSE. 1 LANG 60 

CPH Tl 

SEREBRENNIKOV. N N 61 

CPL Tl 

CLOSIUS, K FRANZOS 68 

CPL Tl 

STALINSKI, B BIEC.A 61 


300819 

301083 

301092 

301086 

301084 

201198 

30101 1 

300348 

301060 

300886 

301 1 64 

300896 

301490 

201014 

300906 

300892 

300654 

301066 

601636 

900228 

301 163 

301 185 

301618 

301589 

301566 

301398 

300668 

300296 

300389 

300397 

301 1 53 

200824 

201346 

301149 

700723 

601683 

300192 

200927 

201046 


CPL Tl 

STARKE. E CHENG. C 
CRY8 Tl 

ANDERSON. S 
CRY8 Tl 

SADOVSKll. V BOG AC 
CRY8 Tl 

SOREL. M 
CRYS Tl 

JAMIESON, J 
CPL Tl 

KNIEF, G BETTERTON 
CRYS Tl 

WOOD, R 
CTEX Tl 

FIELDHOUSE. 1 LANG 
CTEX Tl 

BESSERER, C 
CTEX Tl 

NOWOTNY. H LAC BE 
CTEX Tl 

WILLIAMS. D 
CTEX Tl 

WASILEWSKI. R 
DH Tl 

(UJLDSMITH, A HIRSC 
DHT Tl 

HKRTZHICKEN. S SLY 
ERES Tl 

BRIDGMAN. P 
ERES 'r I 

RERLfNCOl KT, T 
ERES II 

VOW KLl. R W I YE. R 
ERES r 1 

WASILFWSKI. R 
KIN 1 I 

KOXSI AD, P ANDEHSO 
KIN T I 

AKZHANYI.P VOLKCA' 
MISC I'l 

SPINK, D 
CPH ri 

HOLLAND. M 
M P P T 1 

KAREV. \ KLYl’C'HARE 
ERES 1 

KORNILOV. 1 MIKHEE 
CRYS T 1 

NIKIFOROV. I SACHE 
CPL Tl 

SHIMIl * M TAKAHAS 
REV I I 

SHVAHTS, c; SAVEIKI 
MISC Ctl 

WAD.'jLEY. A 
MISC Tl 

BASKIN. M THEIYAKO 
MPP Tl 

BESsKRER. C 
MPP ri 

skinnl;;. g beckett 

PHAS t I 

KORNILOV. 1 
PHAS Tl 

C.OLDSMITH, A HIHSC 
PHAS Tl 

WOKNEH, H 
PHAS Tl 

SOREL. M 
PHAS Tl 

NISHIMITIA. H HIRAM 
PHAS Tl 

BLOK, N GLAZOVA. N 
PHAS Tl 

KCSAMICHI. H Kl^SAM 
PHAS Tl 

WYDER, W HOCH, M 


82 

201730 

60 

200846 

80 

600863 


600787 

63 

301263 

63 

301264 

62 

201966 

60 

601 683 

58 

700929 

61 

600844 

61 

600782 

61 

201342 

60 

700930 

62 

300708 

61 

400533 

59 

601666 

61 

700662 

62 

201 51 6 

61 

700631 

62 

201976 

61 

200891 

63 

202054 

63 

202064 

63 

202079 

63 

202109 

63 

202136 

63 

202136 

61 

201 100 

62 

201961 

68 

700929 

60 

601 226 

60 

200907 

60 

700930 

60 

200991 


600787 

67 

201397 

61 

201490 

67 

201494 

62 

201 681 


2-751 



KIN Tl B 2 


SAVITSKII, E LIVAN 

61 

201 866 

RAKOVSKII, V 

62 

901326 

PHAS Tl 



REAC Tl B 2 


SEMENCHENKOV. A 

61 

201694 

FUNKE, V YUDKOVSKI 

63 

202034 

REAC Tl 



MPP Tl B 2 


BIRYUKOVA. L SAKSO 

60 

200861 

MALYUCHKOV. O POVI 

62 

202096 

REAC Tl 



CRV9 Tl B 2 


LAINER, n TSYPIN 

61 

201134 

EHRLICH. P GUTSCHE 

61 

201331 

REAC Tl 



CTEX Tl B 2 


KOFSTAD, P ANDERSO 

61 

201096 

GILMAN. J ROBERTS 

61 

300300 

REAC Tl 



OF Tl B 2 


OGURTSOV. S 

60 

200967 

KRESTOVNIKOV. A VE 

60 

300672 

REAC Tl 



OH Tl B 2 


STRINGER. J 

60 

700569 

LOWRIE. R 

61 

700966 

REAC Tl 



DH Tl B 2 



ANITOVA, I S GARBA 

61 

700603 

LOWELL. C WILLIAMS 

81 

300410 

REAC Tl 



DH Tl B 2 



CERVONE. E FURLANI 

61 

201521 

EPELBAUM, V A STAR 

66 

300194 

REAC Tl 



DH Tl B 2 



ANDREEVA. V ALEKSE 

62 

201814 

WILLIAMS. W 

61 

300623 

REV Tl 



DHT Tl B 2 



WOHLL. M 

60 

701063 

LOWRIE. R 

61 

700966 

REV Tl 



H Tl B 2 



EREMENKO. U 

60 

300286 

MEZAKI. R TILLEUX 

62 

601617 

REV Tl 



MPP Tl B 2 



BOMBERGER, H 

62 

300369 

PORTNOY. K SAMSUNG 

61 

300486 

SPK Tl 



MPP ri B 2 



ZHURAKOVSKII. E VA 

69 

201226 

SHCHERBAKOV. V VEY 

60 

300984 

SPK Tl 



MPP Tl B 2 



ROSENZWEIG. N PORT 

60 

700996 

BLUM. A WIELCZKO 

61 

300491 

SPK Tl 



MSP Tl B 2 



ROSENZWEIG. N PORT 

60 

700901 

LOWRIE. R 

61 

700966 

SPK Tl 



MSP Tl B 2 



SWEENEY. W SEAL. R 

61 

201 112 

LOWRIE. R 

60 

701014 

SPK Tl 



PHAS Tl B 2 



WILSON. C THEKAEKA 

61 

201001 

FORELIK, C YELYUTI 

62 

300884 

SPK Tl 



PHAS Tl B 2 



SHAW. C 

68 

600908 

LEITNAKER..I KRIKO 

62 

300408 

SPK Tl 



REAC Tl B 2 



BLOKHIN. M SHUVAEV 

62 

201778 

LEITNAKKR. J KRIKO 

62 

300408 

SPK Tl 



REAC Tl B 2 



BOLOTIN. G VOLOSHI 

62 

201830 

LAVENDEL, H 

61 

300N82 

TCON Tl 



REAC Tl B 2 



FIELDHOUSE, I LANG 

60 

601683 

KUBO, T HANAZAWA 

60 

201428 

TCON Tl 



8 Tl B 2 



LOWRIE, R 

61 

700943 

MEZAKI. R TILLEL'X 

62 

601617 

TCON Tl 



THER Tl B 2 



BESSERER. C 

68 

700929 

BOLIJAH. A 

61 

700938 

TCON Tl 



THER Tl B 2 



POWELL. R W TYE. R 

61 

700662 

MEERSON. G 

60 

300298 

TCON Tl 



VAP Tl B 2 



KUPROVSKII. B GELD 

61 

201867 

BOLGAR, A 

61 

700938 

THEO Tl 



VAP Tl B 2 



ROSENZW^EIG. N PORT 

60 

700996 

LOWRIE, R 

61 

700966 

TRT Tl 



VAP Tl B 2 



BOKSHTEIN, S GUBAR 

62 

301408 

LOWRIE. R 

60 

701014 

TRT Tl 



VAP Tl B 2 



JAYARAMAN. A KLEME 

63 

301482 

SCHICK, H ANTHROP 

63 

300994 

VAP Tl 



VAP Tl B 2 



SCHRAM, A 

60 

301683 

KIBLER. G LYON. T 

61 

300409 

VAP Tl 



REAC Tl BORIDES 



FRANZEN. J HINTENB 

61 

700970 

SAMSONOV. G 

69 

600120 

VAP Tl 



MSP Tl B SYST 



HANLIN. H 

60 

700961 

SEARCY. A WILLIAMS 

60 

300690 

VAP Tl 



VAP Tl B SYST 



GOLDSMITH, A HIRSC 

60 

700930 

SCHISSEL, P TRULSO 

62 

300606 

KIN Tl SYST 



PHAS Tl B C SYST 



KUBASCHEWSKI. O 

62 

601677 

NOWOTNY. H 

61 

201170 

THER Tl SYST 



REAC Tl B C SYST 



KUBASCHEWSKI. O 

62 

601677 

SAMSONOV. G 

60 

300273 

CPH Tl B 2 



MI8C Tl B N 



KRESTOVNIKOV. A VE 

60 

300672 

FORNEY. G J MARSHA 

61 

300238 

VAP Tl B 2 



PHAS Tl B N SYST 



FESENKO. V BOLGAR 

63 

301216 

NOWOTNY. H 

61 

201170 

CRY8 Tl B 2 



SPK Tl BE 



GORELIK, C ELYUTIN 

62 

301230 

VAINSHTEIN. E BLOK 

62 

201686 

THER Tl B 2 



PHAS Tl BE SYST 



MIKSIC, M 

63 

301303 

VAINSHTEIN. E 

61 

201163 


2-752 



TMf« TI BR 

FUNAKI. K UCHIMURA 
CCMP TI C 
BONDARENKO, B ERMA 
DF TI C 

VIDALE, G 
DHD TI C 

BITTNER. H GORKTZK 
CBY8 TI C 

GORELIK. C ELYUTIN 
TCON TI C 

HOCH. M VARDI. J 
CEMP TI C 

INGOLD. J 
OH TI C 

KHRIPUN. M AHIYA 
CTEX TI G 

KHIKORIAN. WALLA 
CRY8 TI O 

HOCH. M 
CRY8 TI r 

ASHBEE. K EELES, W 
CEMP TI C 

BITTNER. H GORE TZK 
MPP TI C 

AGTE, BLGM, G 
REAC TI C 

SAMSONOV. G 
TCON TI C 

HO('H. M VARDI. J 
VAP TI r 

VIDALE. (; 

VAP TI C 

ANON 

PHA8 TI r 

ARAI ZENZABGRO HA 
THER TI . 

BOLC'.AR, A 
VAP ri <’ 

BOLG AH, A 
COPT T\ C 

BRESKEK, R VDHOMN 
COPT TI 1' 

('OFKMAN. .1 GOGLSON 
CRYS TI r 

GOKKMAN. .1 (^OULSON 

OF ri (' 

C OFFMAN J C’OI LSON 
PHAs ri c 

COFFMAN. J ( GI LSON 
VAP TI C 

COFFMAN. .1 ( Ol LSON 
OF TI C 

C:OFFMAN, .1 COCLSON 
REAC TI C 

EREMENKO. V VKLIKA 
PHAS TI C 

FORELIK, C YELYCTl 
DH TI C 

FUJISHIRO. S (.OKCE 
THER TI C 

FUJISHIRO. S GOKCE 
VAP TI (' 

FUJISHIRO. S GOK('E 
CTEX TI C 

GILMAN, J ROBERTS 
PHAS TI C 

GORBUNOV. N ET AL 
REAC TI C 

GRIGOREVA. V SERED 
COPT TI C 

HODDAD. R E C.OLDW A 
REAC TI C 

HOLDEN, F A KINGER 
CEMP TI C 

HOLLANDER, L E JR 
ERE8 TI C 

HOLLANDER. L E JR 


61 

201609 

» II U 

KAUFMAN, L 

KIN TI C 

82 

300910 

62 

301409 

KIRILLOVA. G MEERS 

KIN TI C 

60 

200760 

61 

301610 

KUBO, K SHINRIKI 

OH TI C 

60 

201210 

62 

301 1 32 

LOWELL. C WILLIAMS 

PHAS TI C 

61 

300410 

62 

301230 

MARTIN, R SEAGLE 

TRT TI C 

61 

300308 

63 

301246 

MARTIN, R SEAGLE 

DH TI C 

61 

300308 

63 

301261 

MOROZOVA. M KHRIPU 
CPH TI C 

62 

300697 

62 

301268 

NEEL, D PEARS. C 

REAC TI C 

61 

300146 

63 

301286 

NIKOLAISKI. E 

CEMP TI C 

60 

300130 

63 

202063 

NOGUCHI, S SATE, T 

MPP TI C 

60 

300227 

62 

201994 

NORTON. J MOWRY. A 

PHAS TI C 

49 

300167 

62 

202004 

NORTON. J 

REAC TI C 

60 

701001 

61 

300342 

OGAWA, K BRANDO, Y 
CRYS ri C 

69 

201332 


301671 

RAMAN. S KAMACHAND 

MPP TI C 

62 

300661 

63 

301476 

SUGIYAMA, M SUZUKI 
TCON TI C 

61 

300331 

61 

30161 1 

TAN LOR R 

CRYS TI C 

61 

201286 

60 

600666 

VAN ARK EL, A 

THER T I C 2 

24 

701066 

60 

200773 

MEKKSON. G 

REAC ri CARBIDES 

60 

300298 

61 

700938 

MEEKSON, G ZELIKMA 
MPP ri (' SVST 

61 

201912 

61 

700938 

BASKIN, M IKETYAKO 
PHAS TI C SYST 

61 

300866 

69 

300799 

BICKERDIKK, R L HU 

MPP TI C SYST 

69 

300166 

61 

701040 

Bl RYLEV, B 

THER TI (' SYST 

61 

301071 

61 

701040 

(T NNINGHAM.G WARD 
PHAS TI C SN ST 

63 

301208 

61 

701040 

EDWARDS. R KAINE 

PHAS TI (' SYST 

62 

300288 

61 

701040 

KURMAKOV. N TRONEV 
PHAS TI C SYST 

61 

601688 

61 

701040 

MAYKl . A, D OGDEN 
REAC : 1 (' SYST 

60 

7009B3 

61 

300293 

PORTNOI. K LEVTNSK 
PHAS TI C ro SYST 

61 

300215 

69 

201279 

EREMENKO. C LESNIK 
PHAS TI C MO SYST 

66 

300286 

62 

300884 

EREMENKO. V VELIKA 
PHAS TI C NB SYST 

61 

201278 

61 

701012 

YELYNTIN. V BERNST 
MPP TI C NT SYST 

66 

300283 

61 

701012 

KORNILOV. N PRYAKH 
PHAS TI C NI SYST 

60 

300209 

61 

701012 

EREMENKO. V N KOSO 
CEMP TI (' N SYST 

69 

300212 

61 

300300 

LVOV. S NEMC'HENKO 
PHAS TI C W SYST 

62 

201673 

61 

300382 

KREIMER. (i VAKHOVS 
REAC TI CL 

69 

300213 

61 

300398 

GOPIENKO. V 

THER TI CL3 

60 

200913 

49 

300160 

CLIFTON, D MACWOOD 
TRT TI CL3 

66 

300292 

56 

300161 

OGAWA, S 

VAP TI CL3 

60 

200764 

61 

700628 

SANDERSON. B MACWO 
REAC TI CL4 

66 

300291 

61 

700628 

KRIEVE. W MASON. D 

66 

300290 


2-753 



S TI CL4 

MUNSTER. A RICH. G 
THER TI CL4 

KRESTOVNIKOV. A VE 
THER TI CL4 

NIEDERKOHN. I 
2KP TI CL4 

Ml^NSTER. A RICH. G 
MPP TI CR B SYST 

MEYERSON. G 
PHAS TI CR SYST 

(;OLrBTSOVA. K 
PHAS TI CR SYST 

ERMAMS. F FARRER 
CPL TI F 4 

EULER. R WESTRl M 
DH TI F I 

CREENHKRli. E SETTL 
VAP TI FE O SN S r 

WEBSTER. A H BRICH 
THER TI HALIDES 

KING, E WELLER. W 
PHAS ri H SYSr 

LIVANOV. V BUKHANO 
R E A C IT 1 

Fl'NAKL K UC'HIMI RE 
PHAS TI IK 

CROENI. .1 ARMAN I RO 
PHAS TI MN 

WATERSTKA'P. R DAS 
CPL IT MO sYsr 

HAKE. R 

CRYS TI MO SYSr 

DUPOUY, .1 AVERBACH 
PHAS TI MO SYST 

KORNILOV. I POLYAK 
VAP TI MO SYST 

KUZMIN. A PALALNIK 
MPP Ti N 

SAMSONOV, G VEKKHO 
RE AC TI N 

SCHAEFER, H FUHR 
REAC TI N 

OrtBACH. H 
TMEO TI N 

GOWAKD, G HERSHENS 
VAP TI N 

FESENKO. V BOLGAR 
VAP TI N 

AKISHIN. P KHODEEV 
PHAS TI N 

ARAI ZENZABURO HA 
THEO TI N 

BALT ; HAN, E 
THER TI N 

BOLGAR. A 
VAP TI N 

BOLGAR. A 
KIN TI N 

DOUGLASS. D ST PIE 
VAP TI N 

DREGER, L MARGRAVE 
VAP TI N 

DREGER. L 
VAP TI N 

DREGER, L 
VAP TI N 

DREGER. L MARGRAVE 
8 TI N 

KAUFMAN. L 
CRYS TI N 

LOWRIE. R 
8 TI N 

MUNSTER. A RICH. G 
2KP TI N 

MUNSTER. A RICH, G 
PHA8 TI N 

NEVITT, M DOWNEY, 


66 

300320 

69 

200783 

60 

201771 

66 

300320 

69 

301 1 1 6 

61 

201 1 SO 

61 

201 240 

61 

201 1 57 

62 

300739 

61 

300164 

61 

300735 

61 

300386 

61 

201088 

62 

201972 

62 

201 702 

61 

201456 

61 

201 180 

61 

201242 

62 

300922 

61 

301 573 

62 

301 678 

62 

301647 

63 

202042 

63 

301216 

62 

300692 

60 

200773 

69 

300866 

61 

700938 

61 

700938 

61 

201341 

60 

700991 

62 

300720 

61 

300628 

60 

600641 

62 

300910 

60 

701014 

66 

300320 

66 

300320 

60 

200876 


CRYS TI N 

PEARSON. W 
SPK TT N 

PHILIPP. W 
CEMP TI N 

SAMSONOV. G VERKHO 
MPP TT N 

SAMSONOV. G VERKHO 
MPP TT N 

SAMSONOV. (; VERKHO 
MPP TI N 

SAMSONOV, G VERKHO 
REAC IT N 

FEDOSEEV. V NEMKOV 
CEMP TIN 

SAMSONOV. G FOMKNK 
TRT TI N 

SAMSONOV. (\ FOMENK 
SPK TT N 

PARKINSON. W 
CRYS TT N 

VAN ARK EL, A 
CEMP IT MlTtlDES 

SAMSONOV. (; 

DH IT NIT RIDES 

SAMSONOV. (; 

REV TT NITRIDES 

SAMSONOV. (; 

CRYS TT N SYST’ 

HOLMBKRIL B 
PHAS TT N S\ST 

MAYRUTH, 1) OGDEN, 
MPP TI \ SYST' 

HARVEY. .) KAUFMANN 
ERES TT N S\ S^r 

WASILEW’SKI, H 
PHAS TT NR SYST’ 

SHAKHOVA. K BUDHKR 
PHAS TT NB ( R S\ S I' 

SHAKHOVA. K BI DHKI{ 
PHAS IT NB \ sYSr 

KORNILOV. I Vr.ASOV 
PHAS I I NB ZR SYST' 

MIKHEEV. V HKLOl SO 
CRYS TT Nl SY.sI' 

BARTON. .1 PURDY. (; 

PHAS TT M sN sT 

POOl.E. D M HUME. W 
PHAS TT M SYsT 

BARTON. J PURDY. G 
PHAS TI NT SYST 

PI RDY, G PARK. J 
CRYS TT O 

HOCH. M 
CRYS T'l O 

POPOV, YU 
CRYS TI O 

ANDERSON. S 
SPK IT O 

BERG, H A SINANOGL 
ERES TT O 

SAMOKHVALOV, A RUS 
ERES TI O 

MCLAREN. G 
ERES TI O 

YAMASHITA. J 
SPK TI O 

ROSEN. B 
THER TI O 

HOCH. M 
MISC TI O 

BLAIR. L R BEACHAM 
SPK TI O 

PRASAD, S 
SPK TI O 

V^ALLACE, 1 BEARDSL 
TRT TI O 

WANG. C GRANT. N 


62 

301029 

62 

300621 

62 

300731 

61 

300203 

61 

201264 

62 

300997 

62 

201767 

63 

202128 

63 

202128 

63 

2021 1 5 

24 

701066 

60 

700947 

60 

700947 

60 

700947 

62 

300694 

60 

700983 

59 

600640 

62 

301076 

61 

201234 

62 

30099J 

67 

500126 

61 

300834 

60 

300210 

66 

300208 

60 

300210 

61 

300279 

63 

301477 

62 

301321 

60 

200846 

60 

300177 

63 

301667 

62 

301634 

63 

301626 

62 

301 660 

61 

301476 

63 

300160 

63 

202120 

61 

202167 

66 

202168 


2-754 



PHA8 T1 O 

brewer, L MASTIK 
PHA8 TI O 

TROJER, F 
phas T1 O 

PETTERSON. A LIN DO 
CRY8 T1 O 

CODLING. K 
6PK TI O 

FRASER. P A JERMAl 
DF TI O 

HOCH. M 
6 TI O 

HOCH. M IYER, A 
8 TI O 

KAUFMAN. L , 

8PK TI O 

KIESS. C 
PHAS TI O 

KORNILOV. I 
OH TI O 

KKESTOVNIKOV. A 
ICON TI O 

KURYLENKO. C 
MPP TI O 

LECERF. A 
REAC TI <) 

MAKAIUJV, K KU/NK'IS 
SPK ri C) 

oirrKN HUK(;. k 

SPK TI O 

OK I KN MKKG. F 
SPK 11 () 

PAPOl SKK 1) 

THER n () 

PAPOl SK^‘ I 
SPK Ti O 

PARKINSON VV NKMU) 
SPK r I ( ) 

PF/r'FKRssON A LINO 
SPK no 

I'K 1 ’1 KR^>.SON A \ LI 
SPK 'II O 

PHILLIPS, .1 (; 

SPK I'l O 

PHILl.ll^S .1 

SPK n o 

PHILLll'S, .1 
ERES 1 I O 

W ASILKVS -SKI, K 
cRYs no 

S'l KAl MAN IS. M LI 
cEMp ri O J 

(iKb:ENJ;:H. E WIirLMOR 
CRYS ri O 2 

KOKSTAI) P 
CRYS 1102 

ASHBEE. K KELKS, VV 
PHAS ri () 2 

I)ACHIM>E. F HOY. K 
PHAS ri O '2 

DIAMOND. ,1 SI’HNFID 
CEMP ri O ‘2 

A('KE'r. (; VOLCIAR. .1 
CPH TI () 2 

JOSH I. S MITKA. S 
CPL TI O 2 

JOSH I, S MITRA. S 
CRYS TI O 2 

YOGANARASIMHAN. S 
CRYS TI O 2 

ANDERSON. S 
CRYS TI O 2 

STRAUMANIS, M EJTM 
CRYS TI O 2 

VON WERNER. H BAUR 
CRYS TI O 2 

KAO, r YOGANAKASMH 


49 

601634 

CRYS TI O 2 

KAO. C 

61 

700649 

62 

201626 

CRYS TI O 2 

BAUK, W H 

61 

700666 

82 

301162 

CTEX TI O 2 

GRAIN, C CAMPBELL 

61 

601471 

61 

600776 

ELCH TI O 2 

SMIRNOV. M PALGNEV 

60 

300297 

64 

300146 

ERES 110 2 

GREENER, E WHITMOR 

81 

300487 

60 

300311 

KIN TI () 2 

MOROZOV. 1 STEFANY 

68 

200796 

62 

300897 

KIN TI O 2 

KENNEDY. D R RITC'H 

68 

300226 

62 

300910 

KIN TI O 2 

SUZUKI. A KO LENA 

62 

201838 

48 

600686 

PHAS TI O 2 

HR AUER, J I.ITTKE 

80 

201990 

60 

200769 

PHAS '110 2 

DELIMARSKY. Y BUDE 

62 

300880 

62 

300930 

PHAS TI O 2 

KNOLL. H 

63 

301266 

68 

201666 

REAC TI O 2 

KOMAREK. K COl UOUL 

63 

301269 

62 

300939 

CPL TI O 2 

MATOSSI. b 

63 

301299 

60 

600772 

MPP TI O 2 

HAl R. VV H 

61 

700654 

60 

600917 

PHAS FI O 2 

(;RAIN. (' ('A.MPBELL 

61 

601471 

61 

300821 

PHAS 1102 

S'l'KA^ vI \N IS. M KJI M 

61 

201078 

61 

700676 

PHAS 'IT O 2 

IlDA V (rZAKI, S 

61 

700619 

61 

700675 

PHAS 1102 

KAO. (' YOG ANAR ASM H 

61 

700536 

69 

600612 

PHAS 1102 

(TX'UO. A VIKDIS, P 

61 

201316 

6 1 

700544 

PHAS 1 1 O ^ 

MASSAZZA, F 

61 

201293 

61 

700606 

REAC TI O 2 

MKLENTEV. H 

60 

200964 

54 

300165 

REAC TI O 2 

KUTSEV. V S OKMON'F 

56 

300163 

60 

600890 

REAC IT O 2 

(IKHHARl) r, 1 HERRIN 

68 

300217 

61 

600891 

REAC TI O 2 

MKERSON. G 

62 

300960 

62 

201516 

REV TI O 2 

PETFi; % 

62 

201623 

60 

200780 

REAC 10 2 

CZANDK V nS. A VV HOM 

59 

300224 

61 

600862 

MPP 110 2 

MCTAGI'.ART F 

63 

202101 

62 

301607 

MPP IT O 2 

N AliAUJAN, G 

63 

202106 

62 

201994 

REV TI O 2 

GRANT. F 

69 

300890 

62 

202022 

SPK TI O 2 

PRASAD. S 

62 

301 663 

60 

202028 

SPK 1 1 O 2 

SOFFER, B 

61 

201 327 

63 

301166 

THER IT O 2 

Kl I>.\:a HEVVSKI, O 

61 

600792 

60 

200767 

THER TI O ’ 

SCHK'K, H AN »'HROP 

63 

301679 

60 

200767 

THER TI O 2 

.SCHU'K. H ANTHHOP 

63 

301580 

61 

200881 

TRT IT O 2 

RUDNEVA. A MODEL 

63 

301664 

60 

200846 

TRT IT O 2 

BRAl EH, J LlTTKE 

60 

201990 

61 

201078 

TRT TI O 2 

RAO. C YOGANAKASMH 

61 

700636 

66 

300181 

TRT IT O 2 

RAO. r 

61 

700649 

61 

700636 

ZKP TI O 2 

KUTSEV, V S OR MONT 

66 

300163 


2-755 



PMAS TI20 3 

BRAUER, J LITTKE.K 
TRT TI20 3 

BRAUER, J LITTKE.R 
MPP TI20 3 

LECERF. A 
CRYS TI20 3 

STRAUMANIS, M PMIM 
ERES TJ20 3 

YAHIA. J FREDEHIKS 
CRYS TI20 3 

ABRAHAMS, S 
E T120 3 

ARIYA, S SOBOLEVA 
PHAS TI30 

KORNILOV, I GLAZOV 
CRYS TI30 5 

ASBRINK. S MAl'.NELl 
CRYS ri50 9 

ANOERSSON. S 
PHAS TI(>0 

KORNILOV. I GLAZOV 
BIS Tl OXIOES 

CHAPMAN, M 
CRYS Tl OXIOES 

MAGNELl. A ANDEHSO 
KIN Tl OXIDES 

DOl GLASS. D ST PIE 
PHAS Tl OXIDES 

ANDERS80N. S 
VAP Tl O S\ST 

FRANZEN. H 
THEO Tl O SYST 

GELD, P TSKHAI, V 
THER Tl O SYST 

VEINBACHS. A KOMAR 
ERES Tl O SYST 

WASILEVVSKI. R 
PHAS Tl O SYST 

MAYRUTH, D OGDEN 
CEMP Tl O SYST 
VASILEV, Y KHRYCH 
« PH Tl O SYST 

NOMURA, S KAWAKUBO 
PHAS Tl O SYST 

LIVANOV, V BUKHANO 
CRYS '^I O SYST 

MAGNELl, A 
PHAS TT O SYST 

KUBASCHEWSKI. O 
THER Tl O SYST 

KRESTOVNIKOV, A LO 
CRYS Tl O SYST 

HOLMBERG, B 
REAC Tl O SYST 

HURLEN, T 
CPH Tl O SYST 

EROFEEVA, M LUKINY 
CRYS Tl O SYST 

BRIGHT, N 
CRYS Tl O SYST 

BRIGHT. N 
PHAS Tl O SYST 

BLUMENTHAL, R WHIT 
THER Tl O SYST 

BLUMENTHAL. R WHIT 
CRYS Tl O SYST 

ARIYA, S POPOV. Y 
VAP Tl O SYST 

ANON 

PHAS Tl O SYST 

ANON 

CRYS Tl O 2 SYST 

VOTINOV, M DEMIDEN 
REAC Tl O C 

KUBO.T SHINRIKI 
PHAS Tl O C SYST 

NISH1MURA. H KIMUR 


SO 200777 


60 

200777 

62 

300939 

62 

300692 

61 

300490 

63 

201991 

61 

300787 

63 

202081 

69 

700622 

60 

201381 

63 

202081 

60 

701006 

61 

201606 

61 

201341 

69 

201 1 78 

63 

202033 

63 

202036 

62 

60161 1 

62 

301076 

00 

700983 

63 

301608 

61 

700638 

61 

300386 

60 

600617 

62 

601677 

60 

300927 

62 

300696 

00 

200890 

61 

700602 

61 

300661 

61 

300661 

62 

601666 

62 

601666 

62 

300699 

60 

701016 

60 

701016 

62 

301613 

61 

201691 

64 

300169 


REAC Tl O C SYST 


NISHIMUHA, H KIMUR 
PHAS Tl HE 

64 

300168 

AGEEV, N KARPINSKI 

PH A 8 Tl SC SYST 

01 

201762 

SAVITSKII. E HUUKH 

DH Tl SI SYST 

61 

700622 

GOLUTVIN. Y 

OH Tl SI SYST 

66 

400699 

GOLLJl VIN. Y 

PHAS I’l SI SYST 

62 

301229 

GOLUBTSOVA. R B 

PHAS Tl SI O SYST 

61 

3001 74 

C0(T’0. A SCHHGMEK 

CPL Tl V SYST 

60 

201188 

( HENG, C GUPTA. K 

PHAS Tl V SYST 

62 

300760 

ERMANIS. F FARHER 

PHAS Tl V SYST 

61 

201240 

KORNILOV, I POLYAK 

MPP Tl W B SYST 

61 

201242 

MEYERSON, (; 

CRYS ri W C SYST 

69 

3011 16 

KUNKE, V PANOV. V 

MPP Tl W C SYS!' 

61 

201 236 

FUNKE, V PANOV. V 

PHAS ri w c sYsr 

61 

201236 

FUNKE. V PANOV. V 

PHAS Tl Y SYSr 

61 

201236 

BARE. D 

PHAS Tl ZH SYST 

61 

201 146 

ENCE. E MAH(;OLIN 

PHAS T\ ZR SYSr 

61 

200919 

ENCE. K MAHc;OLIN 

PHAS Tl ZR SYSr 

61 

300162 

GRIDNEV. V I KEFILO 
PHAS n ZH () SYST 

60 

201093 

HO('H. M 

REAC ri ZR O SYST 

69 

201 1 36 


RUH.R 63 

PHAS Tl ZR O SYSr 

HOC H, M DEAN. H 61 

THER Tl ZH O SYST 

HOCH, M DEAN. R L 69 

THER Tl ZR O SYST 

hoc:h. m dean, r si 

PHAS Tl ZH O SYSr 

domac;ala, h 

CRYS M'M 

KOEHLER. W WOLLAN 61 

DH 1 M 

SAVACiE, W HI:DS0N 69 

ERES TM 

COLVIN. R LEC'.VOLI) 60 

SPK TM 

SAKELLAHIDIS. P 63 

SPK TM 

AKIMOV. A 67 

SPK I'M 

MERRILL, P GREENST 66 

VAP TM 

ANON 66 

SPK TM 

BLAISE. .1 VETTER 03 

VAP TM 

SAVAGE, W HUDSON 69 

CEMP TM B 6 

SAMSONOV. G PADERN 69 

CPH TM20 3 

PANKRATZ, L KING 03 

CPL TRANSITION MF:TALS 

KAKUSHADZE.T 61 

CPI TRANSITION METALS 

WOLCOTT, N 66 

CRV6 TRANSITION METALS 

DWIGHT, A 61 

MI6C TRANSITION METALS 

WATT. GW 61 


202124 
300646 
300214 
300646 
300302 
301 604 
601 126 
601389 
1001B4 
601099 
001007 
601319 
202006 
601126 
300143 
202114 
300018 
601137 
201200 
700690 


2-756 



REAC TRANSITION METALS 





agrev. N KOPETSKII 

69 

201230 

CRYS U 

TIK'KEU. C W 

62 

400670 




CRYS U 






TUCKER, C W 

62 

400671 

1 1 



CRYS i: 



U 



BRIDGE. J 

60 

601666 




CRYS i; 






CASH, A HUCiHKS. E 

61 

201362 

CRYS 0 



CRYS U 



SUTTON, A EELES. W 

62 

301600 

DONOHUE. J 

61 

201361 

PHA8 U 



CRYS U 



ELEMENT, W JAYAUAM 

63 

301602 

LANIESSE, J ENGLAN 

60 

201980 

REAC V 



CTEX U 



BESSONOV, A VLASOV 

62 

301 1 88 

GOODMAN. M 

60 

601331 

BIB 1! 



CTEX U 



ANON 

68 

601368 

SCHUCH. A F LAQUER 

62 

400668 

BIB U 



CTEX U 



CROXTON. K 

61 

600966 

LEHV. P LANGERON 

65 

601006 

BIB II 



CTEX U 



ALLEN. R 

53 

600966 

LLOYD, L 

69 

601203 

CEMP U 



DH U 



RAUCH. E 

66 

601 261 

HOLLEY, C HUBER. E 

60 

601 1 78 

CEMP. V 



CTEX U 



HOLDEN. A 

68 

601 662 

BRIDGE. J 

66 

601666 

CEMP U 



DH r 



KA'rZ. J 

68 

601 633 

HUBER. E V HOLLEY 

52 

400666 

CEMP U 



DH 1 1 



RIVIERE. .1 

62 

201806 

MOORE. G KELLEY, K 

47 

601646 

CPH U 



ELCH U 



MITKINA, E 

69 

201029 

SMIRNOV, M SKIBA 

61 

300992 

CPH U 



E R E s i: 



MOORE. C; KELLEY. K 

47 

601646 

HOVl., J 

66 

601303 

CPH U 



ERES I 



(DNNINCLS. D ('OURIT' 

47 

601647 

TYI.EH, W WILSON. A 

63 

1 001 86 

CPH U 



ERES 1' 



MOH'r H. .J 

56 

600984 

BEHLINCOURT. T 

69 

601656 

CPL U 



ERES U 



FLO row. H LC^HH. H 

60 

601334 

MURK. K 

69 

601 523 

CPL U 



ERES U 



JONES. W M (.(^KDON 

62 

400666 

DAHL. A VAN DUSEN 

47 

601044 

CPL r 



MISC U 



SMITH. P WOLC'Ol r 

66 

601 1 37 

KATZ, J J HABINOWI 

61 

400678 

CPL 1 



MPP 1. 



(iOODMAN. B HILLAIH 

60 

201618 

HOLDEN. A 

68 

601662 

CRYS 1 



MPP U 



LUKESH, J 

49 

601662 

KATZ. J 

68 

601 633 

CRYS U 



MPP V 



THEWLIS. J STEEVM.E 

64 

601660 

WATSON. J WILDER 

60 

201321 

CRYS U 



PHAS U 



WILSON. A RUN OLE 

49 

601667 

THEA M . J 

62 

100202 

CRYS U 



PHAS 



COOPER. A 

62 

601464 

bi:tuhek, b 

66 

601031 

CRYS i: 



PHAS V 



JACOB. C WARREN. B 

37 

601663 

ANO., 

66 

601302 

CRYS i: 



PHAS 1 



TUCKER. (’ 

49 

601371 

KURODA. T SUZI KI 

58 

601326 

CRYS U 



PHAS U 



WILSON, A RUN OLE 

49 

601360 

BLl MENTHAL. B 

60 

601342 

CRYS 1' 



PHAS U 



STURC'KEN. E POST 

60 

200857 

MUKLI ':h. m hitherm 

62 

601431 

CRYS U 



PHAS U 



DAWSON. J 

62 

100187 

ALLKNDOHFER. A 

60 

400639 

CRYS i; 



PHAS 1' 



CHIOTTI. P KLEPFER 

68 

601074 

TUCKER. (' W 

62 

400670 

CRYS U 



PHAS U 



TUCKER, C 

60 

801 1 76 

LEHR. P LAN»..LRON 

67 

601068 

CRYS U 



PHAS U 



THEWLIS. J 

62 

100202 

DAHL. A 1 CLEAVES 

49 

400680 

CRYS U 



PHAS U 



THEWLIS. J 

61 

400669 

FISHER. E 

61 

201270 

CRYS U 



PHAS U 



TUCKER. W.SENIO, P 

66 

601016 

JOHNSON. R 

61 

201263 

CRYS U 



PHAS U 



tucker, c senio. p 

63 

600964 

ANON 

66 

601419 

chys U 



PHAS U 



TUCKER, C SENIO, P 

62 

601261 

ANON 

67 

601607 

CRYS U 



PHAS U 



TUCKER, T 

62 

600673 

BAUMRUCKER. J CHIS 

63 

6016S1 
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PHA8 U 

BUZZARD. R LISS, R 
PHA8 U 

CHRISTIAN, J 
PHA8 U 

FISHBR. E 
PHA8 U 

KLEPFER, H 
PHA8 U 

SEMENCHKNKOV, A 
REAC U 

KATZ, J J RABINOWI 
REAC U 

DEUTSCH, N ERVIN 
REAC U 

BESSONOV. A VASLOV 
REAC U 

DERGE. G MARTIN, A 
REV U 

KAUFMANN, A 
REV U 

NICHOLS. K 
REV U 

HANTOS, R 
REV U 

ANON 

REV U 

ANON 
REV U 

VETEJSKA, K 
REV U 

CHISWICK, H DWIGHT 
SPK U 

ELYASHEVICH. M 

SPK U 

MOROZOVA. N STARTS 
SPK U 

BOVEY. L ATHERTON 
SPK U 

DIRINGER, M 
SPK U 

ATHERTON. N BOVEY 
SPK U 

SCHUlfRMANS. P 
SPK U 

MCNALLY, J 
SPK LI 

MCNALLY. J 
SPK U 

VAN DER BOSCH, J 
SPK U 

VANDEN BOSCH. J C 
SPK U 

SMITH, D D STOKENB 
SPK U 

STRK'.ANOV, A KOROA 
SPK V 

BEDREAG. O 
SPK U 

OSARO, F PERLMAN 
SPK U 

SMITH, D 
SPK U 

BURKHART. L STUKEN 
SPK U 

BAKULINCE, I IONOV 
SPK U 

BOVEY. L WISE. H 
SPK U 

ANON 

SPK U 

ROGOSA, G SCHWARZ 

SPK U 

NARBUTT, K LAPUTIN 
TCON U 

MAKIN. B 
TCON U 

WEEKS, J 


63 

601649 

69 

601621 

61 

601466 

67 

601606 

61 

201894 

61 

400678 

60 

600123 

61 

201390 

44 

201626 

62 

601429 

67 

601102 

68 

601076 

68 

601 639 

68 

601 638 

60 

601199 

68 

601207 

63 

601413 

67 

601416 

61 

601422 

60 

601363 

60 

601327 

46 

601290 

62 

100211 

60 

400623 

49 

400626 

60 

400664 

61 

400664 

66 

600989 

64 

601013 

62 

400672 

62 

601249 

49 

601373 

69 

601 1 36 

69 

601 164 

68 

601649 

63 

500124 

62 

201779 

64 

601286 

66 

601282 


TCON U 

WESTPHAL, R 66 

TCON V 

ANON 67 

TCON U 

FARIS. F 67 

TCON U 

TYLER. W WILSON. A 63 

TRT U 

AUBERT, H 62 

TCON IJ 

SMITH. K 67 

TCON U 

ERIKSKN. V HAIA;, W 66 

TCON II 

DAYTON. K 68 

THER V 

FLOroW. H LOHR. H 60 

THER II 

LEMMON, A WARD. J 62 

THER I! 

BREWER. L BROMLEY 47 

THER U 

S('HI(^K. H AN PHROP 63 

THER U 

MAI'WOOD.c; 68 

THER U 

AC'KERMANN, R I HOItN 62 

THER U 

MOORE, G KELLEY, K 47 

THER i: 

SKIDMORE. I MORRIS 62 

THER U 

KENDAI.L, W 62 

TRT I ' 

ALLENIXIKKKR, A 60 

TRT n 

DAHI.. A I (T. EAVES 49 

TRT I ’ 

FISHER. E 61 

TRT I 

ANON 57 

TRT r 

Hl’HKE. .1 DIXON, P 62 

TRT r 

DAHL. A van DL’SEN 47 

VAP I 

RATH, E THORN, H 54 

VAP r 

(ui.BREA’rn . .} 52 

VAP I 

t;iI,HKKA TIL J 60 

VAP r 

GILBREATH, .1 57 

VAP r 

GILBREATH. I 55 

VAP L 

HANl.lN H 60 

VAP L 

DELSS.W 62 

VAP II 

RAIJH. E THORN. R 64 

VAP U 

AL'KERMANN. R RAl'H 62 

VAP U 

ACKERMANN. R THORN 62 

cEMP i; B J 

KLOPP, W 69 

CRTS r B 2 

LUNSFORD. .1 FRIES 61 

CTEX V B 2 

KLOPP, W 69 

CTEX U B 2 

BECKMAN. G KIKSSLI 66 

PH A 8 U B 2 

HOW LETT. B 61 

THE^ II B 2 

KLOPP. W 69 


601270 
601313 
601310 
100186 
201996 
601063 
600934 
601 626 
601 334 
60101 2 
400681 
301679 
601 143 
601616 
601646 
601607 
601684 
400539 
400580 
201270 
601507 
301420 
601644 
600948 
601314 
601333 
601300 
601274 
700961 
300877 
601223 
601685 
601616 
601 642 
601466 
601642 
601049 
601367 
601642 


2-758 



CRY8 U B 4 

STEPANOVA. A ZHIJRA 
CRYS O H 4 

/AI.KIN, A I’EMPEI/ro 
CTEX U B 4 

STEPANOVA. A /HURA 
REV U B 4 

MATTEKSON. K JONES 
CRYS I? B 12 

BEK ATT. K BLOM, P 
REAC n B 12 

PADEUNO. Y 
PHAS U BORIDES 

BREWER, I. SAWYER 
DF IJ B SYSr 

Al.COC'K, (’ ORlEVESfJ 
DH I' B SYST 

ALCOC'K, (' (IRIEVESO 
PHAS {' B sYsr 

iiowi.E r r. B 
PHAS I' B SYsr 

ANON 

PHAS r B SYS'l 

AL(H)('K , r (.RIEVKSO 
THER D B SYS r 

ALCOC’K. (' (;RIE\ ESC) 
PHAS I B ( SVS'I 

To rn, L 

PHAQ I BE 

BADAEVA, r Kl ZNEI'S 
PHAS I I4E C sN s'l’ 

BRISI. (’ ABBA'!' I’iS'I 
OH C HR 

SMcHCK AKE\ S V Asl 

SPK I B>' sYS'I 

PlCflKN r , .) 

BIB I (’ 

SEDD . J 

CEMP I (' 

MOPKIN^ B 
CEMP 1 ? ' 

KLOPP W 

CPH re 

WEsl'Kl \l K 

n V ^ I ’ ( ’ 

WILLIAMS J SAM BEL 
CRYS I C 

A'I'ODA. I HUiAsHl 
CRYS C C 

EKR(;C"^C)^, 1 S 1 REE I 
CRYS I C 

( mo rn, p 

CRYS V 

NOWOTN Y. }\ 

CRYS I (' 

( AICrER, J H DAANK 
CRYS I (' 

VOOEL, R K EM P I ER 
CTEX 1.' (' 

KLOPP, W 
DH C (' 

1 ARR. J HCBER, E 
ERES V C 

ORIKKErHS. L 
PHAS U C' 

BRi(;(;s, c. (;cn A, j 

REAC V C 

MDRBAC'H. E I CRNER 
VAP I' (' 

VOZZELLA. P MILLER 
CPL i; C’ 

( OMBAHIKC. A ('OSTA 
kin U C 

ANTILI.. J PEAKAEL 
KIN 11 C' 

C HITBB, W TOWNLEY 
MPP U C 

BOETTrHE'.H, A SCHNI 


68 

601 111 

63 

1 00198 

68 

601 1 1 1 

61 

300324 

49 

601 363 

61 

201276 

60 

601400 

62 

601606 

62 

601606 

61 

601357 

60 

601 328 

62 

601606 

62 

601606 

61 

201 256 

61 

201 833 

61 

201507 

68 

200847 

bO 

200934 

60 

601380 

62 

300516 

59 

601542 

62 

601689 

60 

601388 

61 

301399 

61 

601418 

52 

601237 

58 

601079 

51 

400561 

59 

601177 

59 

601 542 

69 

601200 

62 

201 669 

62 

301416 

62 

202106 

62 

202166 

63 

202021 

69 

200883 

61 

201311 

60 

601201 


PHAS D C 

FERfUJSON, I STREET 

PHAS 11 C 

NEWKIEK. H BATES 

REAC II C 

FARR, J HUBER. E 

REAC 1 1 (' 

C ARTER. J H DAANE 

REAC U (' 

PEAKALI., K AN'I ILI. 

REAC V C 

CIREOOIRE, P 

REV U C 

SEDDON, J 

REV 11 C 

ICOIICDI, F C HUBB. W 
MPP U C' 

BROWN. D STOBO. J 
CPL V C' 

('OMBARIEN. A CT)STA 
THER U (' 

GKCJSSMAN. L 
TCON U (’ 

EDWARDS. R 
THER U C 

FARIT J HUBER. E 
THER U C 

WES rRUM. E 
THER 11 C 

KLOPP. W 
TRT I ’ C 

C'HIO > , I P 
TRT [ C 

NEWKIEK. H HATES 

CRYS U (’ 2 

ATODA r hi(;ashi 

PHAS U C’ 2 

BHRU'.S c; C.l H A I 

DM 1. (• 2 

HI HER E HEAD. K 

CEMP 1 C 2 

KLOPP. \N 

CPH I (’ 2 

\\ KS I Rl M. K 

CRYS 1(2 

A lOJL M MEDRl D, H 

CRYS 1 (2 

FERC.l SON I S 1 RKK/r 

CRYS U C 2 

BREDU \1 
CRYS . ( 2 

GILLAM, ; 

CTEX I 2 

KLOPi*. W 
DF I C 2 

Kl JISIURO. S 
PHAS I (' 2 

KERCH SCJN. 1 
PREP I C '2 

TAKADA.N IMOi rO 
THER I (' 2 

FI JISHIRO. S 
THER U (' 2 

WK- vn< M. E 

THER I (’ 2 

Kl,OPP. W 
VAP I C 2 

KUJISHIRO. S 
VAP U U 2 

LEPl NAKER. J \N IT TE 

VAP U r 2 

KIC K, H RAUH, E 

DH I U 2 

HI BKH. E HEAD, E 

CPH L 2 

LEVlNSC^N. L 

CRYS U ‘2C J 

CHLLAM, E 


61 

601418 

69 

601166 

69 

601200 

61 

400661 

62 

601682 

62 

201488 

60 

601380 

60 

600610 

62 

301198 

63 

301206 

63 

301237 

62 

601236 

59 

601200 

62 

601689 

59 

601642 

52 

601237 

59 

601165 

61 

301 399 

62 

301416 

63 

202056 

59 

601542 

62 

601689 

59 

700867 

61 

60141 8 

60 

700862 

62 

601680 

59 

601 542 

61 

601440 

61 

201 1 39 

61 

201937 

61 

601440 

62 

601689 

69 

601542 

61 

601440 

62 

300393 

62 

601614 

63 

301247 

62 

301292 

62 

601680 
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MPP U 2C 3 

MALLETT. M GERDS 61 

BIB U CARBIDES 

JONES, P 60 

CRYS II CARBIDES 

CHIOTTI, P 49 

MPP U CARBIDES 

BARNES. E MUNRO, W 67 

REAC U CARBIDES 

BARNES. E MUNRO. W 67 

REAC U CARBIDES 

WILHELM. H CHIOTTI 49 

TMER U CARBIDES 

BREWER. L BROMLEY 47 

TRT U CARBIDES 

CHIOTTI. P 49 

SPK U COMPOUNDS 

DUNN.H 66 

REAC U COMPOUNDS 

KATZ. S 62 

SPK U COMPOUNDS 

EDING. H CARR. E 6i 

BIB U C SYST 

BOWMAN. K 60 

BIB U C SYST 

COMSTOCK, M 60 

CRYS U C SYST 

AUSTIN. A 69 

CPH U C SYST 

MUKAIBO. T NAITO 62 

CRYS U C SYSr 

RUNDLE. R WILSON 68 

OF U C SYST 

ALCOCK. C GRIEVESO 62 

OH U C SYST 

ALCOCK, C GRIEVESO 62 

MPP U C SYST 

CHUBB. W DICKERSON 62 

PHAS U C SYST 

ANON 67 

PHAS U C SYST 

ANON 63 

'RYS U C SYST 

SHARMA, B 63 

THER U C SYST 

CUNNINGHAM, G WARD 63 

PHAS U C SYST 

ANON 67 

PHAS U C SYST 

ANON 63 

PHAS U C SYST 

ANON 67 

PHAS U C SYST 

ANON 67 

PHAS U C SYST 

ANON 67 

PHAS U C SYST 

CHUBB. W PHILLIPS 61 

PHAS U C SYST 

WILLIAMS. J SAMBEL 69 

PHAS U C SYST 

ANON 69 

PHAS U C SYST 

SILVERMAN. L 60 

PHAS U C SYST 

ANON 60 

PHAS U C SYST 

WILHELM. E 66 

PHAS U C SYST 

RUNDLE. R WILSON 68 

PHAS U C SYST 

WILSON, W 60 

PHAS U C SYST 

MALLETT. M GERDS 62 

PHAS U C SYST 

BLUMENTHAL. B 66 

PHAS U C SYST 

ALCOCK. C GRIEVESO 62 


100203 
201004 
601416 
601036 
601036 
400636 
400681 
601416 
601024 
201971 
201061 
601 346 
600623 
601 1 20 
601610 
601 1 12 
601606 
601606 
601481 
601298 
601311 
301194 
301208 
601607 
601613 
601 616 
601666 
601669 
601442 
200872 
601349 
601364 
601414 
601264 
601112 
601193 
100188 
601044 
601606 


PHAS U C SYST 

BLUMENTHAL. B 
PHAS U C SYST 
EPREMIUM, E 
REAC U C SYST 

SIVARTS. E 
REAC U C SYST 

LOCK. L GAMBINO, J 
REAC U C SYST 

CARTER, J H DAANE 
THER U C SYST 

ANON 

THER U C SYST 

BREWER. L BROMLEY 
THER U C SYST 

ALCOCK. C (iRIEVESO 
THER IJ C SYST 

HULLEY. C 
MPP U C O SYST 

NAMBA. S IMOTA. S 
REAC U C O SYST 

TRACHENKO, E VLASO 
PHAS U CE SYST 

SAVnSKII. E BARON 
SPK U ( L4 

WINi;, R 

SPK U. CL20 SYST 

WING. R 
REAC U F 

NGHI, N 
REAC U K 

STEVENSON..! KUEHL 
CPL U F 4 

BURNS. J OSBORNE 
DH U K 4 

MALTSEV . V 
PHAS U F 4 

KIHSHENBAUM. A 
REAC U F 4 

( AVKLL, R CLARK. H 
SPK U F 4 

RAMBIDL N AKISHIN 
THER U F 4 

GALKIN. N 
VAP U F 4 

AKISHIN. P KHODKEV 
THER U F 6 

PARKS. B BARTON. 1) 
REV U F 6 

TSUJIMURA. S 
REAC U F SYST 

RESHETNIKOV. F (HIR 
OH U FE SYST 

AKHACHINSKI Y. V KO 
THER HALIDES 

BREWER, L BROMLEY 
THER U HALIDES 

MACWOOD, G 
PHAS U HF C SYST 

RUDY. E BENESOVSKY 
E R E S U M N 

HAMAGUCHI. Y KUNIT 
PHAS U MO 

KAWASAKI. M NAGASA 
REAC U MO 

BELLOT. J DOSIER 
PHAS U MO SYST 

TANGRI. K WILLIAMS 
PHAS U MO SYST 

KRAMER. D RHODES 
PHAS U MO SYST 

IVANOV. O BADAEVA 
PHAS U MO SYST 

IVANOV. O SEMENCHE 
PHAS U MO C 

RUDY. E BENESOVSKY 
PHAS U MO C SYST 

RUDY. E BENESOVSKY 


69 601692 

67 601616 

67 601109 

60 601016 
60 400660 

60 601414 

68 601146 

62 601606 
63 601690 

61 400611 

63 301606 

62 201662 

61 201127 

61 201127 

61 201687 

63 201727 

60 200848 
60 201161 

61 201183 

62 201725 

61 300763 

61 201248 

el 300463 
60 200884 

62 201986 

62 300972 

62 301104 

47 400681 

68 601143 

63 301333 
62 201668 

60 201491 

68 201627 

61 201308 

61 201367 

61 201868 
61 201896 

03 301666 
63 301332 
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PHA8 IJ MO C SYST 
FIZZOTTI, C SARAC 
PHA8 U MO CR SYST 
BADAKVA,T KUZNKTS 
SPK U MO X6 

HORTON, J THOMAS 
PHA8 U MO ZR SYST 

IVANOV, O BAOKOV 
PHA8 U MO ZR SYST 
IVANOV, O BAGROV 
BIB U N 

COMSTOCK. M 
BIB \) N 

KKRR, W 
CEMP IJ N 

KLOPB, W 
CRY8 U N 

KELI.KK, D 
CRVS U N 

cHio rn. p 

CRY8 II N 

MUELLER. H KNOTT 
CRYS U N 

ANON 

CTEX U N 

KELI.KR, [) 

CTEX U N 

KEMPl'ER. (’ ELLIOTT 
CTEX U N 

KI.OPP, W 
OH UN 

liKOSS. P HAYMAN. C 
ERES UN 

KELLER. 1) 

P M A S UN 

NEWK’F,^. , M HA'l'ES 
PHAS U N 

HRK'.OS. C, CUHA 

R E A C UN 

NEWTON. A S JOHNSO 
REV UN 

KERR. W 
TCON UN 

KELLER, n 
TCON UN 

EDW ARDS. K 
THER U N 

KLOIML W' 

T R T UN 

OLSON. M MI LFORD 
TRT U N 

( HlO'l TI, V 
TRT U N 

NKWKIEK. H BATES 
VAP V N 

OLSON. M MI LFORD 
REAC U N 2 

BESSONOV. A VLASOV 
CRYS U 2N 

EVANS. V 
DH U ‘2N 3 

(;R0SS. P HAYMAN, C 

CRYS u NnRiDF:s 

CHIOTTI, P 

THER U NITRIDES 

BREWER. L BROMLEY 
TRT U NITRIDES 

CHIOTTI, P 
CRVS U N SYST 

DAYTON. R 
OH UN SYST 

MOREAU, C PHILIPPO 
MPP UN SYST 

RUNDLE, R BAENZK.E 
PHAS U N SYST 
WILLIAMS, J SAMBEL 
PHAS U N SYST 

RUNDLE, R BAENZIC.E 


62 

201697 

61 

201899 

62 

201861 

61 

201840 

61 

201898 

60 

600623 

62 

601461 

69 

601642 

61 

601446 

62 

601237 

68 

601 1 36 

69 

601 650 

61 

601446 

59 

601 1 50 

69 

601642 

62 

601621 

61 

601432 

59 

601 166 

62 

301416 

51 

400559 

62 

601461 

61 

601432 

52 

601236 

69 

601 542 

63 

301 546 

52 

601237 

69 

601 1 66 

63 

301546 

62 

201942 

62 

601463 

62 

601621 

49 

601 1 77 

47 

400681 

49 

601177 

67 

601609 

61 

201313 

69 

601140 

69 

200872 

48 

601376 


PHAS U N SYST 

VAUGHAN. D 
PHAS IJ N SYST 

DAYTON, R 
REAC U N SYST 

RUNDLE, R BAENZIGE 
SPK UN SYST 

VAUGHAN. D 
THER U N SYST 

BREWER. L BROMLEY 
PHAS U N C SYST 

AUSTIN, A c;eRDS, A 
PHAS U NH 

NOR TON. J OGILVIE 
PHAS U NB SYST 

IVANOV, O TEREKHOV 
CEMP U NB SYST 

BATES, L BAIiNAKD 
PHAS U NB C SYST 
’ RUDY, E HENESOVSKY 
PHAS U NB MO SYST 

IVANOV, o T erf:hkon 

PHAS U NH MO SYST 

IVANOV. O TEHEHKOV 
PHAS U NB MO S> ST 

IVANOV . O T EREHKOV 
CEMP U O 

ZHUKOVSKII. V VASL 
CRYS U O 

YOUN(;. W LYNDS. L 
OF IJ O 

MARKIN. T BONES. R 

KIN i: o 

BESSONOV. A ALASOV 
KIN VO 

VOLPE.M MIHAILOVI 
MSP U O 

DKMAl’A, G Hl’RNS, H 

PHAS i: o 

SUDO, K KIGOSHI. A 
PHAS U O 

ALEXANDER, C 
PHAS I : O 

HI EDORFF. N KEMMLE 
REAC U O 

POLUNINA.i; KOVBA 
REAC I’ O 

SAND. T IMOTO, S 
REAC V O 

L K A U H MINAML F 
REAC I’ O 

ANTD 

THER V O 

SUHIC'K. H ANTHROP 
CRZS U O 2 

W^ILLLS. B 
REAC I’ 0 2 

ORHACH, H 
THER U O 2 

SCHICK, H ANTHF^OP 
TRT V O 2 

(H IK ALLA, T 
TRT U O 2 

MUMPTON, K ROY, R 
REAC U O 2 

CORDFUNL F, E 
VAP V O 2 

GERDANIAN. P DODE 
BIB II O 2 

REISWIG, R 
BIB II O 2 

WKNSRICH, C 
BIB V O 2 

BELLE, V 
BIB U O 2 

SHAPIRO. Z 
BIB U O 2 

HAUSNER. H 


66 

601004 

67 

801609 

69 

001140 

66 

601004 

68 

601 14S 

68 

601 117 

69 

20181 1 

61 

201946 

61 

201202 

63 

301333 

61 

201632 

61 

201841 

61 

201842 

62 

201982 

62 

201667 

62 

201819 

62 

201964 

62 

201919 

60 

601163 

61 

201630 

62 

201921 

62 

201776 

61 

201624 

60 

200963 

61 

201623 

92 

201973 

63 

301679 

63 

301623 

62 

301647 

63 

301679 

63 

301203 

60 

301308 

61 

201786 

62 

201886 

61 

601378 

60 

700972 

67 

60161 1 

67 

801812 

69 

601630 


2-761 



CPH IT O 2 



REAC U O 2 



KOENIG, N 

68 

801388 

ANDERSON, J SAWYER 

60 

601172 

CPH 1’ O 2 



REAC V O 2 



( ABBAGK. A WELCH 

61 

601443 

HOEKSTRA, H 

61 

201 1 77 

CPH V O 2 



REAC U O 2 



POPOV, M (iALCHENKO 

58 

601 1 63 

DAS. r SAHOD. B 

61 

201466 

CPL V O 2 



REAC U O 2 



JONES, W M C'lORDON 

62 

400666 

LYNDS, L 

62 

201682 

CPL U O 2 



REV U O 2 



OSBORNE, D WESTRITM 

63 

600968 

KAUFMANN, A 

62 

601429 

CRYS V O 2 



REV U O 2 



HASHIGCCHl. R MAPS 

60 

200866 

SKI) DON. J 

60 

601380 

CRYS IJ O 2 



REV V O 2 



TOXWORTH. R 

60 

600849 

SHAPIRO, E 

67 

601296 

CRYS 1! O 2 



REV IT O 2 



CHIOTTI, P 

49 

601416 

BELLE, J 

68 

601202 

CRYS V O 2 



REV U D 2 



VAN ARK EL. A 

24 

701056 

l ENNERY, J 

69 

601636 

CRYS r O 2 



RHO C D 2 



CHIOTTI, P 

52 

601237 

KOKN U;. N 

68 

601366 

CRYS IT O 2 



S CD 2 



ROBINS. R WILKS, R 

62 

201 821 

ACKERMAN N. R 

66 

601322 

CTEX r O 2 



TCON 1' () 2 



LAMBERTSON. W 

66 

601 323 

ROSE. R 

68 

601 392 

CTEX O 2 



TCON 1' () 2 



ECIKERSON, S 

60 

601 36 V 

I)A^ 1 ON. K 

58 

601 627 

CTEX V O 2 



TCON r n 2 



KOENIG, N 

68 

601366 

DAY 1 ON . K 

68 

601526 

CTEX C O 2 



TCON r O 2 



KEMPTKR, C ELLI«)TT 

69 

601 1 SO 

DA Y rON. R 

68 

601529 

CTEX V O 2 



TCON L O 2 



HALOEN, F’*WOin.ERS 

69 

201 836 

DAY J ON. R 

58 

601 557 

OH C O 2 



TCON 1 O 2 



ACKKKMANN. R 

66 

601322 

DAY 1 ON. R 

58 

601 666 

OH L O 2 



TCON 1 O 2 



ARONSON. S 

61 

201318 

KEi.sw k;. R 

61 

601378 

OF 1' O 2 



TCON r O 2 



ACKERMANN. K I HORN 

58 

601610 

KOENU;, N 

r>8 

601 366 

ELCH 1 O 2 



TCON 1 02 



LAMBERTSON. W 

56 

601 323 

HEDGE. J 

67 

601294 

KIN IJ O 2 



TCON 1 02 



.\\ ON SON. S ROOF, U 

67 

601068 

\!AK IN. B 

64 

601286 

KIN 1 O 2 



TCON 1 O 2 



KI HLMAN, C’ 

48 

201904 

(.II.BREAni J 

55 

6012 74 

KIN 10 2 



TCON I 02 



KL HLMAN. 

48 

201 1 1 6 

h I.IN'I A. ^ 

58 

601096 

MISC C O 2 



TCON r O 2 



BCTLER t; HAl SNER 

60 

200915 

BETHOrX, O I HOM A^ 

61 

201534 

MPP L O 2 



TCON 1. () 2 



KOENIG. N 

68 

601 366 

bp:k(;. k elin i a. l 

58 

201 533 

MPP IJ O 2 



TCON r O 2 



PRIEST, H PRIES I 

68 

601 1 47 

s( oj r. R 

68 

601 1 1 6 

MSP V O 2 



TCON r O 2 



DEMAl A. G Bl RNS, R 

60 

601 1 63 

POWKR.'^. R 

60 

201 1 84 

PHAS 1 O 2 



TCON [ O 2 



KOENIG. N 

68 

601366 

liER<L K 

58 

601 544 

PHAS 1 O 2 



TCON G O 2 



LAMBERTSON, W 

66 

601323 

ROSS. A 

68 

601493 

PHAS r O 2 



TCON G U 2 



HFRING, H PEKIO. P 

52 

601236 

I'ENNERY, I 

59 

601 535 

PHAS V O 2 



THER G O 2 



PERIO, P 

63 

601216 

AC KERMANN. R 

56 

601273 

PHAS V O 2 



THER G O 2 



BARD. R BOWERSOX 

57 

601060 

ACKERMANN. R JTIOKN 

68 

601087 

PHAS C O 2 



THER G O 2 



NEVVKIEK. H BATES 

69 

601166 

ACKERMANN, R GMJ.E 

58 

601233 

PHAS U O 2 



THER G O 2 



ROTH WELL. E 

62 

601476 

ARONSON. S BELLE 

58 

601077 

PHAS U O 2 



THER GO 2 



EVANS, P 

61 

201362 

ACKERMANN, R filLLE 

60 

601046 

PHAS U O 2 



THER G () 2 



COHEN, I SCHANER 

62 

201846 

SMIRNOV, M 

60 

201191 

REAC U O 2 



THER G O 2 



PARI), R BOWERSOX 

67 

601060 

IVANOV. V KRGGLYKH 

62 

601604 

REAC IJ O 2 



TRT U O 2 



ARONSON. S ROOF. R 

67 

601068 

cHio rn, p 

62 

601237 

REAC U O 2 



TRT V O 2 



BLACKBURN. P WEISS 

68 

601 114 

CHIOTTI. P 

49 

601416 


2-762 



TRT 1 1 0 2 

WISNYI, L 
VAP U O 2 

ACKKRMANN, H 
VAP U O 2 

ACKKKMANN, H 
VAP IJ O 2 

ACKKRMANN, K THORN 
VAP 0 0 2 

ANON 

VAP IT O 2 

IVANOV. V KiaT;LYKH 
TRT U O 2 

WISNYI. L FI.IANOWS 

TRT i: O 2 

ANOKHSON, .1 SAW'YKK 
TRT r O 2 

NKWKIKK. H BATKS 
ZKP 002 

SMIRNOV, M 
CPM IT O i 

Rorov. M <;al<'hknko 

CPL r O M 

.JONKS. W’ M CiOROON 
CRTS I () i 

(T)RNMAN. w 
CRVS 0 0.1 

OKWOLI- K. P 
CRYS O O .1 

CONNOM.Y I) 

CRYS O O 1 

WAI T. K 
OF O O .1 

A('K KRM ANN. A I HORN 
KIN O O 1 

S 1 RKK a1A)\ :.K O. V \ 

KIN O () 1 

\\[ HI MAN. ( 

KIN O (> .1 

K1 HI, MAN. < 

NIPP I O .1 

I'RIKs'l . 11 TRI KS I 
R6AC \ O 1 

\ L.\SOV r. /m K()\ sK 
SPK O O 1 

rs\ HOI, M I OR \ OA 

MSP O O 1 

nOM Al A. (; HI RNS K 
REAC I if J 

\ OASOV. \ sHAOAolN 
REAC I O I 

S I RKK A0O\ .SK 10 V \ 
REAC \ O 1 

MORA I . M K\ RAl D, C 
SPK I O 1 

HORO\ SK 0 I H \RINO 
TRT I O \ 

WISNA 0 0 I’OOANOW S 
REAC I ,M) 

KHOKliNlKO\ . i; slMA 

CRYS I lO 

SIKOKO. S 
CPL O .lO 7 

WESTROM. K ( -.RONS no 
DM O lO 7 

MO KAiHo, r N Ai ro 

THER O .lO 7 

MOKAIHO. r N Al ro 
CPH O lO 8 

KHOMYAKOV . K SIM 1 S 
CPH O .U) 8 

POPOV, M (;ao('Hknko 

CPH O :io H 

ZAJIC. V 

CPM o :io 8 

POW ERS, H WF.Oc'H. V 

CPL O :iO 8 

WESTHOM. E 


67 

601600 

66 

601322 

66 

601273 

68 

601 610 

67 

601614 

62 

601604 

67 

601081 

60 

601 172 

69 

601 1 66 

60 

201 191 

68 

601 1 63 

62 

400666 

62 

301030 

61 

601424 

59 

601366 

56 

601268 

60 

601 1 74 

61 

201079 

48 

201106 

48 

201904 

68 

601 147 

62 

30161 2 

62 

201 721 

60 

601 1 63 

61 

201027 

61 

201079 

62 

201692 

60 

400661 

67 

601066 

61 

201626 

66 

601267 

62 

300762 

62 

601609 

62 

601609 

61 

300729 

68 

601 1 63 

60 

6011 70 

61 

801444 

68 

801663 


CRYS IJ 30 « 

OHODOHA. R MALY. J 
CRYS U 30 8 

ORONVOLl>. F 
CRYS O .30 8 

ANDERSON. A 
CRYS O 30 8 

WIJ.SON, W 
CPL O 30 8 

WES'I’RO'M. K GRONVOO 
DH O 30 8 

POI»f)V. M IVANOV, M 
OHT O’ 30 8 

KHOMYAKOV, K SPI'I’S 
ERES O 30 8 

rrid(;man. p 

PHAS O 30 8 

PERIO, P 
PHAS O 30 8 

HERING, H PERK). P 
REAC O .30 8 

KHOERNIKOV, SIMA 
REAC O 30 8 

VLASOV, V KOZLOV 
THER V 30 8 

WKSTROM, K 
CPL 1.’ 40 9 

OSBORN K, U 

CRYS i: 40 9 

HEOROOC'H. B PIKKAH 
REAf O lO 9 

HOKKsTHA. H 
THER I 40 y 

OSHOR.NE. D 
TRT r 40 y 

/HI kO\ SKIO K rKA(' 
CEMP O OXIDES 

W II OAliDSON R MOOD 
CRYS 0 OXIDES 

MAKAROV. K 
CRYS I ' ()\ I DOS 

FRIED. S 

DHD I OXIDES 

\’LA8()V. V LEBEDEV 
KIN r OXIDES 

\ OASOV, \ LEBEDEV 
KIN V OXIDES 

HK.ssO\()\’. A VASOOV 
PHAS I OXIDES 

HI D’ . .U)V. r I'HESV Y 
THER I C)\ I DF.S 

HRKUKR I BROMLEY 
REAC r OX 1 DES 

MANDELHERCt. (' 

BIB r o S \ S 1' 

LANML S 

BIB I' O SV ^ T 

roM,'. rOGK. M 
CRYS L O SYS'l 

HOI 1 I A .lAUY, K 

CRYS \ ' o s r 

HAIN/.IGER. N W 11.8.0 

or r o sN 8 r 

HLAC KHI RN. P 

ERES \ < s\sr 

HRAHERS, M 
MPP I O SYST 

C LAZTON..! ARONSON 

PHAS r o sNsr 

CrERDANIAN. P DODK. 
PHAS V O sYsr 

C.RONVOLD. K 
PHAS L O SYST' 

HOEKSTHA. H SIEGEL 
PHAS V O SYST 

KATZ. .1 

PHAS T O SYST 

HOEKSTHA. H SIEGEL 


68 

601 646 

48 

601 379 

68 

601078 

60 

601 1 83 

69 

601 1 33 

67 

601086 

61 

300729 

61 

400633 

S3 

601210 

62 

601236 

61 

201 626 

62 

201691 

68 

601 653 

56 

601264 

60 

601 426 

61 

201 177 

66 

601264 

63 

301628 

68 

601 104 

61 

301 1 14 

56 

B01021 

61 

201186 

61 

201 1 85 

61 

201468 

69 

201 396 

47 

400681 

61 

201 336 

53 

100195 

60 

600623 

49 

400637 

68 

601142 

68 

601113 

68 

601212 

58 

601122 

62 

300356 

66 

601001 

58 

601209 

61 

400634 

66 

601022 


2-763 



PHA8 U O SYST 

HOEKSTRA, H 
bib U O SYST 

MANDIL, I SCOTT, R 
ERE8 U O SYST 

HAUFFE, K 
OH U O SYST 

BURDESE, A 
KIN U O SYST 

LEIBOWITZ, L 
PHA8 U O SYST 

AUKRUST. E FOERLAN 
PMAS U O SYST 

MARKIN. T ROBERTS 
PHAS U O SYST 

WESTRCM. E GRONVOL 
PHAS LT O SYST 

SCHANER. B 
PHAS U O SYST 

WILSON, W 
PHAS U O SYST 

HOEKSTRA. H 
PHAS U O SYST 

KIUKKOLA. K 
TCON U O SYST 

BRUBERS, M 
TCON U O SYST 

ROSS. A 

THER U O SYST 

ACKERMAN G. R THORN 
THER U O SYST 

MARKIN. T ROBERTS 
THER U O SYST 

WESTRUM, E GRONVOL 
THER U O SYST 

KIUKKOLA. K 
VAP U O SYST 

ACKERMANN. R THORN 
VAP U O SYST 

WESTRUM. E GRONVOL 
VAP U O SYST 

CHAPMAN. A 
PMAS U O SYST 

PERIO. P 

PHAS U O SYST 

MILLER. C MERTEN 
PHAS U O SYST 

BARON. J 

PHAS U O SYST 

ROBERTS. L 
PHAS U O SYST 

BRIGHT, N 
PHAS U O SYST 

STEEB. S 

PHAS U O SYST 

BOULLE, A JARY, R 
PHAS U O SYST 

ALBERMAN. K ANDERS 
PHAS U O SYST 

STREKALOVSKIY. V B 
PHAS U O SYST 

BLACKBURN. P 
PHAS U O SYST 

PERIO. P 

PHAS U O SYST 

BAINZIGER. N WILSO 
REV U O SYST 

BAGLEY, K OLIVER 
SPK U O SYST 

GRONVOLD. F 
THER U O SYST 

HOEKSTRA. R SIEGEL 
THER U O SYST 

WAGNER. C 
THER U O SYST 

BREWER. L BROMLEY 
VAP U O SYST 

ALEXANDER. C 


DH U O CL SYST 


56 

601280 

SHCHUKAREV. S VASl 

KIN U Y O SYST 

68 

200798 

61 

201303 

FELTEN. E AITKEN 

CRYS U RE2 

62 

201690 

41 

601483 

HATT, B 

OH U SI 

61 

200929 

68 

601660 

GROSS. P HAYMAN. C 

OH U SI2 

62 

601621 

61 

201314 

GROSS. P HAYMAN, C 

DH U SI3 

62 

601621 

62 

601606 

GROSS, P HAYMAN, C 

DH U 3S12 

62 

601621 

62 

601608 

GROSS. P HAYMAN. C 
PMAS U TA C SYST 

62 

601621 

62 

601613 

RUDY. E BENESOVSKY 
PHAS U TH C SYST 

63 

301333 

60 

601686 

BENESOVSKY, F RUDY 

PHAS U W C 

61 

300642 

61 

601448 

RUDY, E BENESOVSKY 
REAC U W O 

62 

201628 

68 

601487 

TRUNOV. V LOVBA. L 
PHAS U ZR SYST 

61 

201486 

62 

601469 

BENESOVSKY. E RUDY 
PHAS U ZR SYST 

61 

100181 

68 

601646 

BOROVSKII. 1 MARCH 
PHAS U ZR 

60 

201014 

68 

601493 

ZEGLER. S 

PHAS U ZR (' SYST 

62 

201647 

62 

601616 

RUDY. E BENESOVSKY 
PMAS U ZR NB SYST 

63 

301333 

62 

601608 

IVANOV. O GOMOZOV 
PHAS U ZR O SYST 

61 

201896 

62 

601613 

GEBHARDT. E ELSSNE 

61 

301049 

62 

601469 




62 

601616 

V 



62 

601613 

CPM V 



63 

202016 

JOHNSON, R 

CPH V 

60 

301488 

63 

601283 

GOLUTOIN, Y KOZLOV 

CPL V 

62 

301468 

61 

601407 

HENDRICKS. .1 RISER 

MPP V 

63 

301239 

61 

601433 

LINCOLN. R ASAI, G 

62 

301626 



VAP V 



61 

601434 

SAXER, R 

THER V 

63 

301 676 

66 

601288 

KUBA8CHEWSKI. O 

MI8C V 

62 

601677 

60 

200882 

GAIDUKOV. G GAIDUK 

BIB V 

62 

301139 

49 

400637 

WOHLL, M 

CEMP V 

60 

700723 

49 

400638 

RICKERT, E BECKETT 

CEMP V 

49 

601838 

61 

400613 

BURGER. J TAYLOR 

CPL V 

61 

600863 

68 

601113 

KREBS, K 

CPL V 

63 

202082 

66 

601033 

SHIMIZU, M TAKAHAS 
COPT V 

63 

202136 

68 

601142 

GOLDSMITH, A HIRSC 

CPM V 

SO 

700930 

69 

601141 

FIELDHOUSE. 1 LANG 

KIN V 

SO 

601683 

66 

601001 

KUBASCHEWSKI.O 

CPM V 

S2 

601677 

66 

601022 

GOLDSMITH. A HIRSC 
CPH V 

SO 

70093S 

66 

601026 

JOSHI.SMITRA, S 

CPH V 

SO 

200767 

68 

601146 

GOLLTVIN. Y KOZLOV 
CPL V 

S2 

301093 

62 

300633 

CLARK. C 

62 

601663 


2-764 



CFL V 


CLUSIUS. K FRANZOS 

60 

700987 

CPL V 

JOSHl. S MITRA, S 

60 

200767 

CPL V 

BlEGANSKl. ZSTALl 

61 

700660 

CPL V 

BOORSE. H BERMAN 

66 

700887 

CRVS V 

JAMES. W 

61 

201196 

CTiX V 

JAMES. W 

61 

201196 

CTEX V 

FIELDHOUSE. 1 LANG 

60 

601683 

ERE8 V 

TAYLOR. M LLKWELL 

62 

201676 

ERES V 

GOLDSMITH, A HIRSC' 

60 

700930 

H V 

GOLDSMITH. A HIKSC 

60 

700930 

MPP V 

RICKERT, E BK('KKTT 

49 

601638 

MPP V 

BRADFORD. S 

61 

300368 

PMCH V 

BOLEF. D 

61 

200936 

PMA8 V 

SEYBOLT, A 

4P 

601484 

PHAS V 

ZELIKMAN. A KISLYA 

61 

701037 

PHAS V 

SAVITSKll, E BARON 

62 

300609 

PHAS V 

BRADFORD. S 

61 

300368 

PHAS V 

KOMJA iH\ . ^ 

61 

201434 

PHAS V 

KOMJATHY. S READ 

60 

201394 

RE AC V 

DETTSC H. N ERVIN 

60 

600123 

REAC V 

BLOCK. F FERKANTE 

61 

201013 

REAC V 

KORNILOV. I MATVEY 

61 

400688 

REV V 

ZELIKMAN, A KISLYA 

61 

701037 

REV V 

SFERNEH, X 

61 

300372 

REV V 

KORNILOV, 1 MATVEK 

62 

201946 

8 V 

CLUSIUS. K FHANZOS 

60 

700987 

8PK V 

ROSENZWEIG, N PORT 

60 

700996 

SPK V 

MURAKAWA. K KAMEl 

63 

601218 

SPK V 

ROSENZWEIG. N PORT 

60 

700901 

SPK V 

BOLOTIN. G VOLOSHI 

62 

201830 

ICON V 

FIELDHOUSE. I LANG 

60 

601683 

TCOW V 

GOLDSMITH. A HIRSC 

60 

700930 

TMEO V 

ROSENZWEIG. N PORT 

60 

700901 

THEO V 

ROSENZWEIG. N PORT 

60 

700996 

TMBR V 

SCHICK. H ANTHROP 

63 

300994 

TMER V 

BlEGANSKl, Z STALl 

61 

700660 

VAP V 

HANLIN, H 

60 

700961 

REV VAPOR PRESSURE 


RABINOVICH. I 

62 

300976 

THEO VAPORIZATION 

$EARCY, A SCHULZ 

63 

300980 


THCO VAPORIZATION 


SALTER. L 

THEO VAPORIZATION 

63 

300986 

VERHAEGEN. G STAFF 
THEO VAPORIZATION 

62 

301010 

NEUMANN. K VOLKER 
TMEO VAPORIZATION 

32 

900212 

ROSENBLATT. G 

THEO VAPORIZATION 

63 

301862 

ACKERMANN, R THORN 
TMEO VAPORIZATION 

62 

301391 

FEIJER, P 

REV VAPORIZATION 

63 

202031 

FISHTINE. Q 

TMEO VAPORIZATION 

63 

202032 

KOLLAR. G PROSZT 

THEO VAPORIZATION 

63 

202076 

PUTILOV, K MELMICH 
TMEO VAPORIZATION 

62 

300602 

FIRSOVA. L 

THEO VAPORIZATION 

62 

300697 

REIMANN, C 

THER V B 

62 

300469 

MEERSON. G 

CRYS V 3B 2 

60 

300298 

KIEFFER, H BENESOV 

DH V BR.'i 

68 

600619 

VASILKOVA. J 

REAC V BR3 

61 

201222 

SIK'HUKAREV. S FOLM 

C E M P VC 

62 

201809 

M A i -KFAK'H. I KAZA 
CEMP V C 

62 

300962 

NO(.l CHI. S SATE, T 

C P H VC 

60 

300227 

NEEL, D PEARS, C 

OF V C 

61 

300146 

ALEKSEEVA V I 

DHD V (' 

61 

300201 

BITTNER. H GOKETZK 

MPP V C 

62 

301132 

NORTON. J MOWHY. A 

PHAS V C 

49 

300167 

NORTON, J 

S VC 

60 

701001 

KAUFMAN. L 

SPK V C 

62 

300910 

PARKLNSON, W NICHO 

THER V C 

69 

00612 

FUJISrGRO, S 

THER C 

62 

6 11477 

ANON 

THER V C 

60 

700992 

ANON 

VAP V C 

60 

700904 

ANON 

VAP V C 

60 

700992 

ANON 

VAP V C 

60 

700904 

FUJISHIHO, S 

VAP V C 

60 

300463 

ANON 

CEMP V C 

60 

600666 

BllTNER. H GORETZK 

MPP V C 

62 

202004 

GIORGI. A SZC. LARZ 

REAC V C 

63 

202039 

SAMSONOV. G 

OH V 2C 


301671 

ALEKSEEV. V SHVAKT 
PHAS V CARBIDES 

60 

600909 

ALYAMOVSKII. S GEL 

MPP V C SYST 

61 

201374 

SAVOSTIANOVA. N A 

OF VC SYST 

60 

300204 

ALEKSEEVA, V SHVAR 
MPP VC SYST 

61 

700632 

BITRYLEV. B 

61 

301071 


2-765 



PMAS V C SYST 


STORMS, E MCNEAL 

PHA8 V C SYST 

62 

300608 

SAVOSTIANOVA, N 

ERES V CK 

60 

300204 

TAYLOR, M LLEWELL 
PHA8 V C FE SYST 

62 

201675 

BELIKOV. A SAVTNSK 
PHAS V MN 

62 

300863 

WATERSTRAT, R 

PHAS V MO SI SYST 

62 

201584 

SAVITSKIl, E BARON 

62 

201798 

MPP V N 

SAMSONOV. G VERKHO 

MPP V N 

62 

300997 

SAMSONOV, G VERKHO 

S V N 

61 

301573 

KAUFMAN. L 

ZKP V N 

62 

300910 

KOROLEV. L MOROZOV 

THER V N 

62 

301272 

KOROLEV, L MOROZOV 

63 

301273 

THEO V N 

BAUGHAN. E 

CRYS V N 2 

59 

300866 

HAHN, H 

PHAS V N 2 

61 

701046 

HAHN, H 

DH V NITRIIJES 

61 

701046 

SAMSONOV. G 

60 

700947 

CEMP V NITRIDES 

SAMSONOV, c; 

REV V NITRIDES 

60 

700947 

SAMSONOV, G 

CRYS V O 

60 

700947 

MAGNELI, A 

THER VO 

60 

600617 

HOCH, M 

61 

301476 

SPK V O 

ORTENBERG, F 

SPK V O 

61 

300821 

N ICHOLLS, H 

SPK VO 

62 

300698 

LAGERQVTST, A SELI 

SPK V O 

57 

300166 

N ICHOLLS. R 

62 

601625 

SPK V O 

BERG. R A SINANOGL 

REAC V O 

60 

300177 

MARGOTIN. P STI CKE 
SPK V O 

61 

201574 

PRASAD, S 

QPK V O 

63 

202120 

LAGERQVLST, A 

CRYS V O 

57 

301290 

POPOV. YU 

SPK V O 

62 

301321 

LAGERQVIST, A 

57 

600886 

SPK V O 

KEENAN. P SCHROEDE 

SPK V O 

52 

60091 1 

TAWDE, N MUHTHY, N 

57 

600913 

THER V O 2 

SCHICK. H ANTHROP 
CRYS V O 2 

63 

301 580 

HECKINGBOTTOM. R L 

MPP V O 2 

62 

300704 

DAY.J FREYMANN. M 

49 

400617 

PHAS V U 2 

WESTMAN.S 

SPK VOS 

61 

700545 

CONLON, D DOYLE. W 

61 

201326 

REAC V 20 3 

GELD, P MATVEENKO 

62 

201913 

REAC V 20 3 

MATSOURA. R 

CRYS V 20 5 

61 

201028 

BACHMAN, H 

60 

200796 


REAC V 20 5 


MATSOURA. R 

REAC V 20 S 

61 

201028 

DKDUIT, J 

DH V 20 S 

61 

700611 

KING.E KOEHLER 

ERES V 20 S 

62 

301600 

BOROS. J 

REAC V 20 5 

61 

301192 

HAIIENMULLER, P LES 
VAP V 20 5 

63 

301467 

NEUGENAITER, J 

ERES V 20 5 

63 

301311 

MANAKOV, P ESIN. O 

CRYS V 20 5 

62 

202096 

BACHMANN. H 

CRYS V ;io f) 

61 

201 1 54 

ASBRINK. S FRIBERC; 

SURF V OXIDES 

59 

200825 

LEPINSKIKH, B 

PHAS V OXIDES 

60 

201216 

ANDEHSSON. S 

CRYS V OXIDES 

69 

201 1 78 

mac;neli, a anderso 

PHAS VO SYST' 

61 

201 566 

westman, s 

THEO VO SYST 

63 

301621 

(;ELD. P TSKHAl. V 

cPH V o SYS r 

63 

202036 

YAKOVLEVA, M KRASI 
CRYS V O SYST 

61 

300351 

ARIYA, S POPOV. Y 

DF VO SYST 

62 

300599 

MAH. A KELLEY. K 

DH VO SYSr 

61 

300407 

MOROZOVA. M P EC.KR 

DH V O SYST' 

60 

300247 

MAH. A KELLEY. K 

KIN VO SYST' 

61 

300407 

CTJBirriOTTL D 

MPP V O SY^T' 

52 

1 00194 

bo(;danova, n lo(;in 

PHAS V 0 SYST' 

62 

300640 

KUBASCHEWSKl, O 

PHAS VO SYST 

B2 

601577 

BUHDESE, A BORLEHA 
PHAS V O SYST* 

60 

200945 

NADOK. B 

VAP V () SYST 

60 

200938 

SHCHUKAREV, S SEME 
PHAS V O SYST 

59 

301 353 

KOSl C;E. K TAKAI3ALI 
CRYS V O SYST' 

62 

301276 

GELD. P TSKHAY. V 

PHAS V O SYST’ 

63 

301225 

ANON 

PHAS VO SYST’ 

60 

70101 5 

CrELD. P V ALYAMOSK 
PHAS V O SYST* 

61 

300200 

WESTMAN.S NORDMAK 
VAP V O SYST 

60 

201 329 

ANON 

ZKP VO SYST' 

60 

701015 

ARIYA, S MOROZOVA 

REAC V O r SYST 

62 

300600 

(;eld, p matveyenkol 

PHAS V RE SYST 

62 

301224 

TYLKINA, M POVAROV 

DH V SI SYST 

60 

201291 

GOLUTVIN, Y 

CPH V SI SYST 

82 

301229 

GOLUTVIN, Y KOZLOV 
PHAS V W SYST 

82 

300668 

RUDY. E BENESOVSKY 

THER V X 

82 

300630 

SHCHUKAREV, S TOLM 
THER V CL O 

82 

201640 

NAGARAJAN. G 

82 

201816 
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THER V c:l o syst 

NAGARAJAN. G 
CPH V :jsi 

PAN K KATZ, L KKLLKY 
REAC V X SYSr 

ARAOl, A VI FANYI 


62 201772 

63 301319 
61 201862 


w 


REAC W 

BROPHY, J KRKIGKR 
SPK W 

( LAGS. H ULMKR. K 
MPP W 

KOPKTSKIY, ( H 
THER W 

KRAKTMAKliKK. YA 
BIB W 

GOODWIN. T 
BIB W' 

WOULD, M 
BIB W 

W KNSRK’H, (' 

BIB W 

RU'HKH'r, K BF('KKTT 
C E M P \\' 

(O MKN Yl K. V LKBKDK. 
COPT W 

( OKFMAN. .1 COGLSON 
CPH W 

HO(’H. M 
CPH v‘ 

( HKKMOVSKOY. V sHl 
CPH \\ 

.lOMNSON, K 
CPH VV' 

KIRILLIN \ SHKIND 
CPH W 

KIRIIJJN \ .sHKIND 
CPH \\ 

KIRILLIN, \ SHKIND 
CPH \\ 

KIRILLIN V sHKIND 
CPH \N 

Rl DKIN. R PARKKR 
CPH \N 

.lAKA'.KR K ROSKNHOH 
CPH W 

JAKCiKR. K ROSKNHOH 
CPH \N 

FORsY I HK, VS WORT HI 
CPH W 

ZWIKKKR, (' S('HMID T 
CPH W 

MAGM S. A DAN/.. H 
CPH VV 

BRONSON. H ( HISHOL 
CPH W 

MACiNGS, A HOLZMANN 
CPH W 

HO( H. M .HHINSrON 
CPL W 

CLARK. G 
CPL W 

FKATHKRSrON, K NKl 
CPL VV 

MYKRS, A 
CPL W 

LANGK, K 
CPL W 

SHARAN. B 
CRYS W 

COKFMAN, J C OGLSON 
CRY8 W 

UMANSKIL M ZGBKNK 


63 

20201 1 

63 

202017 

62 

301270 

62 

301280 

56 

601547 

60 

700723 

60 

700972 

49 

700564 

61 

700553 

61 

701040 

61 

201 167 

62 

300868 

60 

301488 

62 

300638 

62 

300687 

62 

300360 

62 

300531 

60 

600614 

27 

700506 

30 

700506 

25 

700607 

28 

70061 5 

26 

700560 

33 

700561 

29 

700562 

61 

700613 

62 

601663 

63 

301444 

60 

700981 

24 

700563 

61 

301070 

61 

701040 

60 

600859 


CRYS W 

ANDERSON, S 
CRYS W 

KOMAR, A SHFtEDNlK 
CRYS W 

(JETTE, E FOOTE, F 
CRYS W 

LG S GHANfi, Y 
CRYS W 

GHAGLTON, M DAVIS 
CRYS W 

MATYGSHKNKO, N 
CTEX W 

NOWOTNY. H LAGBE 
DF W 

('OFFMAN, J CCJGLSCJN 
ERES W 

HR I D(; MAN. P 
ERES W 

FYE. R 
ERES W 

CiGMKNYGK. V LEBEDE 
KIN W 

ON(;. .J 
KIN W 

AHZHANYl. P VOLKOV 
KIN W 

(iGLBRANSEN. E ANDR 
MISC W 

HA^1PEL. (' 

MlS( W 

RASKIN. M TKF:TYAK0 
MPP W’ 

AlUiKN'T. B MILNE, G 
PH AS VV 

/ALABAK, C 
PHAS W 

SHAFFER. P 
PHAS VV 

(OFFMAN. J ( Ol LSON 
PHAS W' 

BRlLLlAS rOV, N STA 
PHAS VV 

HAWORTH, ( 

PHAS VV 

OHEHOl'SKY. .1 s'l'KIN 
PHAS VV 

( HAI LION. M DAVIS 
PHAS VV 

ROS . . KER.VV 
PHAS W 

FI NKE, V NOVIKOV A 
REAC VV 

Kl’BASGHEVVsKl. O HO 
REAC VV 

BE<,'KER. J BECKER 
REAC VV 

(iGLBRONSEN. E ANDR 

REAC W 

DEI 1 s('H. N ER\ IN 
REAC VV 

FRAN rsEVlCH. I LAV 
R L A i. VV 

KOMAR. A TALAMN 
REAC VV' 

MITROFANOV. O 
REAC W 

ZELIKMAN. A KREIN 
REV W 

Wl^HLL. M 
REV W 

SMITHELLS. C 
REV VV 

RICHERT, E BECKETT 
REV W 

SYRE, R 
SPK W 

ALLEN. K ('.LASIER 


60 

200846 

62 

300896 

36 

700610 

41 

700512 

55 

700513 

62 

301 1 60 

61 

600844 

61 

701040 

61 

400633 

61 

201 117 

61 

700563 

62 

201 536 

62 

201975 

62 

201770 

61 

200889 

62 

201951 

60 

201039 

61 

701026 

61 

700941 

61 

701040 

61 

300807 

60 

20101 7 

62 

300519 

55 

700513 

60 

201396 

62 

201 704 

60 

201038 

61 

201091 

59 

600638 

60 

500123 

59 

200869 

60 

200843 

62 

301097 

62 

201861 

60 

701053 

53 

700609 

49 

700664 

61 

201579 

60 

200828 
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SPK W 

LARRAHPB, a 

SPK W 

ROSENZWEIG, N PORT 
SPK W 

ROSENZWEIG. N PORT 
SPK W 

MOORE. C 
SPK W 

BODMER, A 
TCON W 

TYE, R 
TCON Vi 

GUMENYUK, V LEBEDE 
THEO W 

ROSENZWEIG, N PORT 
TMEO W 

ROSENZWEIG. N PORT 
T KE R W 

GOODWIN, T 
TMER W 

RITDKIN, R PARKER 
TRT W 

ZALABAK. C 
TRT W 

OREHOTSKY, J STEIN 
TRT W 

TAYLOR, A HYDEN, H 
VAP W 

NELSON. L KUEBLER 
VAP W 

CANO. G 
VAP W 

LANGMLIR, 1 
VAP W 

COFFMAN, J COI LSON 
VAP W 

ZWIKKEK, C 
M W B 

MEZAKI, R TILLEI X 
S W B 

MEZAKI. R TILLEl’X 
THtR W B 

LEITNAKER, J BOWMA 
PHAS W B 4 
CHRETIEN. A HELGOR 
H W 2B 

MEZAKI, R TILLEUX 
S W 2B 

MEZAKI, R TILLEUX 
H W 2B 5 

MEZAKI, R TILLEUX 
8 W 2B 5 

MEZAKI, R TILLEUX 
REAC W BORIDES 

SAMSONOV, G 
REAC W B SYST 
SAMSONOV, G STRASH 
REAC W BR3 

MCCARLEY, R BROWN 
DH W BROMIDES 

SHCHUKAREV. S KOKO 
CEMP W' C 

ZUBENKO. Y SOKOLSK 
COPT WX 

COFFMAN, J COULSON 
TMER W C 

ALKESEEV. V SHARTS 
VAP W C 

FESENKO, V BOLGAR 
CRYS W C 

GORELIK, C ELYIJTIN 
CPM W C 

NEEL, D PEARS, C 
CRYS W C 

LECIEJWICZ, J 
CRYS W C 

COFFMAN. J COULSON 


67 

201223 

60 

700906 

60 

700901 

68 

601088 

64 

600936 

61 

201 117 

61 

700663 

60 

700996 

60 

700901 

66 

601647 

60 

600614 

ei 

200988 

62 

300619 

62 

301027 

63 

301640 

62 

301423 

13 

700604 

61 

701040 

26 

700608 

62 

601617 

62 

60161 7 

62 

300653 

61 

201084 

62 

601617 

62 

601617 

62 

601617 

62 

601617 

69 

600120 

62 

300990 

62 

201866 

60 

201169 

62 

201670 

61 

701040 

63 

301168 

63 

301216 

62 

301230 

61 

300146 

61 

201199 

61 

701040 


CRYS W C 

BUTORINA. L 
CRYS W C 

PARTHE, E SADAGOPA 
OF W C 

COFFMAN. J COULSON 
OF W C 

GLEISER. M CHIPMAN 
MPP W C 

KOVALCHENKO. M SAM 
PHAS W C 

COFFMAN. J COUI.SON 
PHAS W C 

GOLDSCHMIDT, il BRA 
PHAS W C 

NADLER, M KEMPTER 
PHAS W C 

FORELIK.C YELYin i 
REAC W (' 

SHVEIKIN. G 
REV W (' 

LECIEJWICZ. J 
THER W^ C 

SCHICK. H ANTHROP 
THER W’ C 

COFFMAN. J COULSON 
VAP W C 

COFFMAN. J COULSON 
VAP W' C 

COFFMAN. J COULSON 
THER W IC 

St'HICK. H ANTHROP 
BIB VV COMPOUNDS 

GODFREY. L HELL, P 
THER W C' SYST 

CUNNINGHAM. G W ARD 
PHAS W C SYST 

ORTON. C. 

PHAS W c sYsr 

SARA. R DOLLOFF. R 
PHAS W C SYST 

GOLDSCHMIDT. H BRA 
REAC W' C SYST 

SAMSONOV. G STRASH 
THER W (L 

SHCHUKAREV, S NOVI 
MPP W (' N SYST 

GERASIMOV. A KONEV 
PHAS W HF SYST 

GIESSEN, B RUMP. I 
PHAS W HF 

SELL. H KEITH, G 
PHAS W MO HE SYST 

TYLKINA, M POVAROV 
CRYS W N 

KHITHOVA, V PINSKE 
CRYS W N 

KHITHOVA. V PINSKE 
CEMP W NITRIDES 

SAMSONOV, G 
CRYS W^ NITRIDES 

KHITHOVA, V PIN 
DH W NITRIDES 

SAMSONOV. G 
REV W NITRIDES 

SAMSONOV, G 
EMF W O 

GERASIMOV. Y VASIL 
MSP W O 

DEMAUA, G BURNS. K 
VAP W O 

GLEMSER. O HAESELE 
REAC W O 

ANDES, G HECKEL, R 
REAC W O 

AUSTIN, L 
SPK W O 

VITTALACHAR, U KRI 


60 

700988 

62 

300620 

61 

701040 

62 

300886 

62 

300920 

61 

701040 

63 

301467 

60 

300301 

62 

300884 

62 

301588 

61 

201 199 

63 

301 579 

60 

701006 

61 

701040 

60 

701006 

63 

301579 

59 

600607 

63 

301208 

61 

300510 

62 

601622 

62 

601626 

62 

300990 

59 

200800 

61 

30051 1 

62 

201433 

61 

201860 

60 

201292 

59 

201620 

60 

201619 

60 

700947 

301 1 10 

60 

700947 

60 

700947 

SO 

200926 

SO 

601163 

82 

201927 

82 

201498 

81 

201387 

84 

600897 
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GERASIMOV. Y VASIL 
Of W O 2 

GERASIMOV. Y VASIL 
VAP W O 2 

NEVJGENALER. J 
EMF W O 2 

GERASIMOV. Y VASIL 
MSP W O 2 

DEMAIJA. G BURNS. R 
RCAC W O 2 

KOZMANOV, Y 
8 W O 2 

GERASIMOV, Y VASIL 
TMEB W O 2 

GERASIMOV. Y VASIL 
CRY8 W O :i 

GRAHAM. J WADSLKY 
CRV8 W O 

TANISAKI, S 
OF W O 3 

AGKERMANN, R THORN 
OF W O 3 

ACKERMANN. A THORN 
MSP WO 3 

OEMAUA, G BURNS. R 
PHA8 W O 3 

TANISAKI. S 
8PK W O 3 

HEGEDUS. A 
TMER W O 3 

HEGEOUS. A 
THER W O 3 

VASILEVA. I (;EHASI 
THER W' O 3 

ArKEK>^AN H THORN 
TRT W O 3 

TANISAKI. S 
VAP W O 3 

ACKERMANN. R THORN 
CPH W OXIDES 

KING. K W ELLER. W 
CPL W OXIDES 

KIN(;. E WELLER, W 
CRYS W OXIDES 

OZEROV, R 
OHT W OXIDES 

KING. E WELLER, W 
KIN W OXIDES 

BLACKBURN. P ANDRE 
PHAS W OXIDES 

KING, E WELLER. W 
REAC W OXIDES 

PERKINS. R CROOKS 
REAC W’ OXIDES 

HAMAMURA, T 
8 W OXIDES 

KING. E WELLER. W 
TMER W OXIDES 

BLACKBURN. P ANDRE 
TMER W OXIDES 

KING, E WF:LLER. W 
VAP W OXIDES 

BATTLES. J STPIERR 
EMF WO SYST 

GERASIMOV. I VASIL 
PMAS W O SYST 

ANON 

PMAS W O SYST 

BATTLES. J EBIHARA 
PMAS W O SYST 

ST PIERRE. G EBIHA 
REAC W O SYST 

SPEISER. R 
PHAS W O SYST 

KOUBA. L TRUNOV. V 
PMAS W O SYST 

BERGER. 1 SEVASTY 


S00S67 

S00SE7 

•3 301311 

SO 700909 
SO 901163 
SO 201006 
SO 700999 
SO 700999 
61 201029 

90 201077 

98 601610 

60 601174 

90 001193 

90 201079 

61 201144 

61 201144 

00 200966 

68 601087 

60 201076 

68 601610 
60 700973 

90 700973 

66 701094 

60 700973 

60 601682 

60 700973 

61 201090 

60 201386 

60 700973 

60 601682 
90 700973 

61 300310 

02 300766 

00 701016 

300863 
02 300647 

00 000001 
02 301270 

60 301 1SS 


TMER w O SYST 

battles, j EBIHARA 

IMEB w o SYST 

('■ERASIMOV, 1 VASIL «2 

THER W O SYST 

KSENOFONTOVA. R VA >2 

VAP W O SYST 

ANON 60 

VAP W O SYST 

BLACKBURN,? 62 

KIN W O SYST 

GULBRANSEN. E 63 

REAC woe SYST 

HEGEDUS, A GADO. P 60 

PHAS W OS SYST 

TAYLOR. A 61 

PHAS W PD SYST 

TYLKINA. M POLVAKO si 

PHAS W HE SYST 

SAVITSKII. E TYLKI 69 

REAC W RE 

KOZMANOV, Y FESHCH 81 

REAC W REFRACTORIES 

MAY. C HOEKSTRA, P SI 

PHAS W TI C SYST 

VATOLIN, N KISLING 62 

PHAS W V 

RUDY. E BENESOVSKY 62 


Y 


VAP Y 

NESMEYANOV. AN PRI 02 

CEMP Y 

MICHAELSON.H 60 

CPL Y 

MONTGOMERY. H PELL 01 

CPL Y 

GOODMAN. B 62 

CPL Y 

JENNINGS, L MILLER 60 

CPL Y 

LEBEDEV. V 48 

CRYS Y 

LUNDIN. C KLODT, D 00 

CRYS Y 

SPEDD.':G. F DAANE 60 

CRYS 

HERRM/yNN. K DAANE 66 

CRYS Y 

FOUI'FELKER, R SIET 62 

CTEX Y 

MEYERHOFF. R SMITH 62 

DO Y 

HUBER. E 67 

DM 1 

HUBER. E HEAD. E 67 

ERE8 \ 

ANON 68 

E R C S Y 

GOODMAN. B 62 

ERES Y 

HALL. P LEG . OLD. S 69 

H Y 

KELLEY, K 60 

MPP Y 

ANON 61 

MPP Y 

BERNSTEIN. B SMITH 69 

MPP Y 

HABERMANN, C DAANE 63 

PMCH Y 

SMITH. J CARLSON 67 

pmch‘ Y 

SMITH, J GJEVRE, J 60 


300663 

300766 

301388 

701016 

300643 

301466 

200788 

201206 

700623 

201281 

201689 

700663 

301008 

300630 


301 310 
400629 
601447 
100208 
201049 
700702 
001346 
700703 
700905 
701089 
300809 
601316 
601069 
601624 
100208 
601164 
700891 
600131 
700607 
301466 
700746 
700612 
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REAC Y 


SIMMONS C FUNSTON 

61 

700808 

REAC Y 

NOLTING, H SIMMONS 

60 

700841 

REAC Y 

THOMPSON. A HOTTON 

26 

700828 

REV \ 

LOVE. B 

60 

700736 

S Y 

KELLEY. K 

60 

700891 

SPK Y 

SCHWARZSCHILD. M 

B7 

601047 

SPK Y 

ROSEN ZVVEIG, N PORT 

60 

700996 

SPK Y 

SHADMI. Y 

61 

700964 

SPK Y 

GARSTANO. R 

S2 

100207 

SPK Y 

CATALAN. M RK O. F 

67 

601206 

SPc Y 

MOORE. C 

62 

100201 

SPK Y 

MOORE. C 

62 

100200 

SPK Y 

BUSCOMBE.W MERRIL 

62 

100199 

REV Y 

STRUAT, K W ElK. H 

60 

601167 

REV Y 

VICKERY. K 

60 

601 173 

SPK Y 

ROHM VITENSE. E 

60 

601 1 69 

SPK 

DIETER, V EHRENSTE 

67 

601 1 00 

SPK Y 

MERRILL. P GREENST 

68 

601097 

SPK Y 

TESKE. R 

66 

601043 

SPK Y 

SKINNER, H 

66 

700761 

SPK Y 

CATALAN. M RICO. K 

52 

601250 

SPK Y 

CATALAN, M RICO. F 

52 

700800 

SPK Y 

BOVEY, F 

66 

700825 

TMEO Y 

ROSENZWEIG, N PORT 

60 

700996 

THER Y 

SCHICK, H AN THROP 

63 

300994 

THER Y 

SPEDDING, F FLYNN 

64 

700824 

TRT Y 

HABERMANN. C DAANE 

63 

301466 

VAP Y 

BEAVIS. r. 

60 

701016 

VAP Y 

KARELIN, V NESMEYA 

62 

700701 

VAP Y 

MCKENZIE. D JENKIN 

60 

700806 

VAP Y 

KARELIN, R NESMEYA 

62 

300914 

VAP Y 

BAUGHAN, E 

64 

700809 

VAP Y 

ACKERMANN. R RATH 

62 

700840 

VAP Y 

ACKERMANN, J RAUH 

62 

700909 

THER Y 

VASILEV, V ZOLOTAR 

69 

700823 

CEMP Y B 2 

JOHNSON. R DAANE 

63 

301489 

CRVS Y B 4 

BINDER. I 

60 

700830 

PHA8 Y B 4 

BINDER. I 

66 

700816 

CEMP Y B 6 

BENOIT. R 

66 

700820 


CRY8 Y B 6 

HERTAUT, F BLUM. P 

62 

700813 

CRYS Y B 6 

FISCHER HJALMAKS, 1 

64 

700821 

CRYS Y B 6 

KUDINTSEVA. G POLY 

68 

700737 

CRYS Y B 6 

BINDER. 1 

60 

700830 

PHAS Y B 6 

KUDINTSEVA, G POLY 

68 

700737 

PHAS Y B H 

TVOROGOV. N 

69 

700831 

PHAS Y B 12 

BINDER. I LAPLACA 

69 

700818 

CRYS Y B 12 

LAPLACA, S HINDER 

61 

700802 

CRYS Y H SYST 

BINDERS. 1- 

66 

601269 

PHAS Y B SYST 

BINDER. 1 

56 

700816 

CTEX Y C 

SAMSONOV. (; MAKARE 

61 

70081 1 

M P P Y C 

SAMSONOV. (; KOSOLA 

62 

700743 

PHAS Y C’ 

SAMSONOV. MAKARE 

61 

70081 1 

CRYS Y C 2 

ATO.Jl. M 

61 

700810 

CRYS Y (’ 2 

ATOJI. M 

61 

700864 

CRYS Y 2(' 'A 

SPEDDING. F (;S('HNE 

58 

700834 

DH Y ('Ll 

SPEDDlNi;. F FLYNN 

64 

700822 

DH Y ('L3 

MONTC'.OMEKY, K HI BE 

60 

700833 

PHAS Y GROUP .'>A 

I.UNDIN. C KLODl . D 

62 

201630 

PHAS Y ROUP I\ A 

LUNDIN. r KLOD l'. i) 

62 

201582 

THER V ION 

VASILEV. V ZOLO I'AR 

59 

700823 

PHAS V LA O SYST’ 

CASSKDANNE. J FORE 

61 

700801 

PHAS Y M ( i 

MYKl.EBUST'. R DAANE 

62 

201 680 

CRYS Y N 

KEMPTER, C KRIKORI 

67 

700837 

CRYS ^ N 

KEMPT ER. C 

57 

601 296 

c n V Q Y 

LUNDIN, C KLODT'. D 

60 

601346 

THER Y N 

KUBASHEVSK 1. O EVA 

56 

700829 

D H D Y O 

W ALsH, P WHIT E. D 

58 

700806 

E 'I 

BREWER, L C’HARlUiAS 

69 

700721 

H Y O 

KELLEY. K 

60 

700891 

S Y O 

KELLEY. K 

60 

700891 

SPK Y O 

ORTENBEHG. F 

61 

300821 

SPK Y O 

MERRILL, P GREENST' 

66 

601007 

SPK YU 

TESKE, R 

66 

601043 

SPK Y O 

LIHLER, U AKEHLIND 

61 

300476 

VAP Y O 

SCHICK. H ANTHROP 

63 

300994 

CPH Y 20 3 

PANKRATZ, L KING 

62 

300968 

CPH Y 20 3 

GOLDSTEIN. H NGILS 

69 

601198 

CPH Y 20 3 

NILSON, F PETTERSO 

SO 

700819 


2-770 



CPM Y 20 3 

CURTIS. (' 

CPL Y 20 3 

CiOLUSTKIN, H 
CPL Y 20 3 

(iOI.DSTKIN. H NEILS 
CRY8 Y 20 3 

STAHITZK Y. E 
CRYS Y 20 3 

PERT, A 

CRYS Y 20 3 

CURTIS. C 
OH Y 20 3 

MONTGOMERY. R HU RE 
OH Y 20 3 

MllHEH, E HEAD, E 
H Y 20 s 

KELLEY. K 
MPP Y 20 3 

( UR'I IS, (' 'rHAHL. A 
MPP Y 20 3 

( Uirris, c’ 

PHAS Y 20 3 

EAN(;. F KU/NE rsov 

PHAS ^ 2G i 

rOROPOV. N GALAKHO 
PHAS Y 20 3 

STAKi r/K Y. E 

8 Y 20 3 

KELLEY. K 
SPK Y 20 3 

UHLEK. U AKERLINI) 
SPK Y 20 3 

WICKERSHEIM. K LEF 
THER Y 20 3 

Kl HAsU.Ev ..r i, <> EVA 
VAP Y 20 3 

W AL.^U V \\ HITE, IJ 
VAP Y 20 3 

WALSH. I* (;OLl)STEIN 
VAP > 20 \ 

MO'l l . W 
PHAS \ U E 

LOVE, H 

PHAS Y r O S\ s 1' 

('H ASK. ('f 

CPL \ R 

LOL'N ASM AAO 
OH VH 

SAVA(’.E. W HI DSON 
OH H 

HUBER. E 
OH ^ H 

HUBER, E HEAD, E 

SPK 

KREBS. K NELKOW^KI 
SPK VH 

huhhhid(;e. e hi rbk 

SPK VH 

MERRILL, r GREENsT 
SPK YB 

BODMER. A 
SPK YB 

BRIX, P 
VAP YB 

ANON 

VAP YB 

SAVAGE. W HUDSON 
CEMP YB B 6 

SAMSONOV, (i PADERN 
CRYS YB B 6 

STEPANOVA. A ZHURA 
CTEX YB B 6 

STEPANOVA. A ZHlUtA 
CRYS YB N 

EICK, H BAENZK’.ER 
ERES YB N 

DIDCHENKO. R OORTS 


67 

700836 

PHAS YB N 



EICK, H BAENZIGER 

66 

601046 

68 

601 661 

REAC YB N 

EICK, H BAENZIGER 

REAC YB NITRIDES 

66 

601046 

69 


700838 

EICK. H 

67 

601063 

68 

601292 

301447 

CPH YH20 3 

PANKRATZ, L KINC; 

CPL YB20 3 

63 

202114 

82 

JUS riCE, B WESTRl M 

DH YB20 3 

63 

300907 



67 

60 

700836 

HUBER. E 

REAC YB OXIDES 

66 

601291 

700833 

El(*K. H 

PHAS YB TH 

67 

601063 

57 

700842 

(LSCHNEIDER. K 

62 

201700 

60 

700891 




69 

700804 

Z 



67 

700836 

ERES ZN 



62 

301443 

RKNrrri, l lan(;kho 

REV ZN 

61 

201617 

61 

201966 

(iU'OKI}, .1 

BIB ZR 

62 

201664 

66 

601030 

ANON 

BIB ZR 

61 

701047 

60 

700891 

FELDMAN. M 

BIB ZR 

61 

701046 

69 

700844 

\\ IL JAMS. (; BAKER 

CPH ZR 

62 

600904 

61 

201 301 

( AH l EK. W 

CPH ZR 

61 

601631 

66 

700829 

FIELDHOUSE. 1 LANG 

CPL ZR 

60 

601583 

68 

700806 

\n ERS, A 

CPL ZR 

60 

700981 

60 

700814 

HOHKLll s. c; 

CPL ZK 

60 

601 168 

1 8 

700827 

KNEIP. ('. BETTERTON 
CRYS ZR 

61 

201412 

60 

201699 

BYKOV, \ KAZAHMKO 
CRYS ZK 

69 

201649 

62 

201826 

LAW LEY. A 

CRYS ZR 

60 

200801 

63 

301 627 

FELDMAN M 

PHAS ZK 

61 

701046 

69 

601 126 

KH R. H WINCIEHZ 

THER ZR 

62 

201 766 

56 

601291 

KUBA?. HEWSKI. O 

CRYS ZR 

62 

601677 

66 

601041 

FOUNFELKER, R slKT 
CTEX ZK 

62 

701089 

68 

601029 

( AR’rKK. W 

CTEX ZR 

61 

601631 

66 

601003 

NOW’OTNY, H LAI’ BE 
CTEX ZR 

61 

600844 

56 

601007 

FIELDHOUSE. 1 l.ANG 

DH ZR 

60 

601683 

64 

600936 

FEDOROV . (; 

DHT ZR 

60 

600823 

62 

400666 

IiER rZRIUKEN. S SLY 

62 

300708 



ERES ZR 



66 

601319 

BERLINUO* RT, T 

ERES ZR 

69 

601665 

69 

6011 26 

BRIIX'.MAN. P 

ERES ZR 

61 

400633 

69 

300143 

POW ELL. R H TYE. R 
MISC ZR 

61 

700663 

68 

601 1 1 1 

SPACEK. V 

MISC ZR 

61 

200888 

68 

601 1 1 1 

SPINK. 1) 

MPP ZR 

61 

200891 

66 

601046 

SKINNER, G BECKETT 
CRYS ZR ^ 

60 

601226 

63 

301436 

JAMIESON, J 

63 

301263 


2-771 



CPL ZR 

KNIEF. n BETTERTON 
MPP ZK 

RILEY. W MCCLELLAN 
PHA8 ZR 

KORNILOV. I 
PHA8 ''zR 

FELDMAN. M 
PHA8 ZK 

lANNIELLO. L 
PHA8 ZR 

WORNER, H 
PHA8 ZR 

BIBB. A BEARD. A 
PHA8 ZR 

BEREZHNOI. A KORDY 
PHA8 ZR 

NISHIHARA. M 
PHA8 , ZR 
WYDER. W HOCH, M 
PHA8 ZR 

MANNAS. D SMITH, J 
PHA8 ZR 

SEMENCHENKOV. A 
REAC ZR 

MIYAMOTO. O NAKASH 
REAC ZR 

BAKER. W 
REAC ZR 

ANDREEVA. V ALEKSE 
REV ZR 

SPERNER, F 
REV ZR 

OSTBERG. G 
8PK ZR 

RUBESKA. I 
SPK ZR 

ROSENZWEIG, N PORT 
SPK ZR 

SHADMI. Y 
SPK ZR 

SWEENEY, W SEAL. R 
PPK ZR 

SUWA. S 
SPK ZR 

NORRIS. J 
SPK ZR 

SHAW. C 
SURF ZR 

BLITON. J RECHTER 
ICON ZR 

TOIRELIKOV. V KOM 
TCMN ZR 

FIELDHOUSE, 1 LANG 
TCON ZR 

LOWRIE. R 
TCON ZK 

POWELL, R H TYE, R 
THEO ZK 

ROSENZWEIG. N PORT 
THER ZR 

SCHICK. H ANTHROP 
THER ZR 

FEDEROV, G SMIRNOV 
THER ZR 

CARTER. W 
THER ZR 

CARTER. W 
TRT ZR 

JAYARAMAN, A KLEME 
TRT ZR 

WILLIAMS. D JACKSO 
VAP ZR 

TOIRELNIKOV. V KOM 
VAP ZR 

YEMELYANOV. V 
VAP ZR 

FEDEROV. G SMIRNOV 


S3 301264 
02 301080 

SO 200007 
61 701046 

61 201146 

60 200001 

61 201344 

62 201063 

60 201403 

62 201681 
62 201786 

61 201804 
68 600118 

61 201067 

62 201814 

61 300371 

61 201364 

62 600110 

60 700006 

61 700064 
61 201112 

62 400676 

60 601104 
66 600008 

63 301133 

61 301101 

60 601683 

61 700043 

61 700663 

60 700006 

63 300004 

61 601660 

61 601631 

62 300740 

63 301482 

62 301016 

61 301101 

62 301626 
62 601620 


CPH ZR 

DOUGLAS, T 63 

MPP ZR 

KAREV. V KLYUCHARE 63 

TRT ZR 

ULY. J LAM. D IAN 61 

ZKP ZR 

SMIRNOV, M KjOMAROV 00 

CRTS ZR 

RUDY.E 61 

OF ZR B 2 

WARD, J ALEXANDER 61 

DH ZR B 2 

LOWRIE. R GRIST, R 61 

CRTS ZR B 2 

<;ORELlK. C ELYIITIN 62 

VAP ZR B 2 

KIBLER. G LYON. T 63 

THER ZR B 2 

LITTLE, A 02 

DH ZR B 2 

EPELBAUM, V A STAR 66 

H ZR B 2 

MEZAKI, R TILLEUX 62 

MPP ZR B 2 

SHCHERBAKOV. V VEY 60 

PHAS 'ZR B 2 

FORELIK. C’ YELYIJTI 62 

PHAS ZR B 2 

MARTIN. R SEAGLE 61 

PHAS ZR B 2 

FUNKE. V IIJDKOVSKI 63 

8 ZR B 2 

MEZAKI. R TILLECX 62 

SPK ZR B 2 

LOWRIE. R 62 

THER ZR B 2 

MEERSON.G 60 

THER ZR B 2 

BOLGAR.A 61 

THER ZR B 2 

LEITNAKER. .) BOWMA 62 

TRT ZR H 2 

MARTIN. R SEACJLK 61 

VAP ZK B 2 

BOLGAR.A 61 

VAP ZK B 2 

LEITNAKER. J BOWMA 62 

VAP ZK B 2 

KIBLER, G LYON. T 61 

MPP ZR B 2 

MALYGCHKOV. O POVl 62 

MPP ZR B 2 

SHAFFER. P 62 

MPP ZR B 2 

TYRRELL. M HOUCK 63 

VAP ZR B 2 

LOWRIE, R 62 

VAP ZR B 2 

LOWRIE, R SCHOMCHE 62 

VAP ZR B 2 

SCHICK. H ANTHROP 63 

VAP ZR B 2 

ANON 62 

VAP ZR B 2 

LOWRIE, R 62 

YAP ZR B 2 

LOWRIE, R GRIST, R 61 

PHA8 ZR B SYST 

ANON 60 

VAP ZR B SYST 

ANON 60 

PHAS ZR B C SYST 

NOWOTNY. H 61 

PHAS ZR B C SYST 

NOWOTNY, H RUDY. E 60 

PHAS ZR B CR SYST 

KOVALCHENKO, M SAM 60 


202020 
202064 
202140 
201066 
201266 
701066 
300412 
301230 
301260 
301626 
300104 
601617 
300004 
300804 
300308 
301 1 38 
601617 
601 696 
300298 
700938 
300392 
300308 
700938 
300392 
300409 
202096 
202133 
202148 
701081 
300940 
300094 
601607 
601606 
300412 
70101 6 
701016 
201147 
201700 
300216 


2-772 



PHAS ZR B2 MO SYST 

KOVAIXHENKO, M S 
PHAS ZR B2 MO SYST 

KOVALCHENKO. M SAM 
PHAS ZR B N SYST 

NOWOTNY, H RUDY, E 
PHAS ZR B N SYST 

RUDY. E BENESOVSKY 
CEMP ZR BORIDES 

SAMSONOV. G KISLYY 
EMF ZR BORIDES 

BECK. W 

PEAC ZR BORIDES 

SAMSONOV, G 
DH ZR BH4 

TURNBULL. A 
CEMP ZR C 

HODDAD, R GOLDWATE 
CEMP ZR C 

HOPKINS. B ROSS. K 
REAC ZR C 

BARTLETT. R WADSWO 
VAP ZR C 

FESENKO. V BOLGAH 
CEMP ZR r 

INGOI-D, J 
CTEX ZR r 

KHIKORIAN, WALLA 
DH ZR C 

MAH. A HOYLE. B 
CEMP ZR r 

BONDARENKO. H ERMA 
COPT ZR C' 

COFFMAN. J COULSON 
COPT ZR r 

HODDAD, R E (.OLDW'A 
CPH ZR C 

FINC H, R 
CPt ZR (' 

FINCH. R 
CRVS ZR (' 

VAN ARKEL. A 
CRVS ZR C' 

COFFMAN. J C'Ol LSON 
OF ZR C 

VI DALE. G 
REAC ZR C 

SAMSONOV, c; 

THER ZR (' 

LITTLE. A 
TRT ZR C 

SHAFFER. P 
CEMP ZR C' 

BITTNER, H ('.ORETZK 
MPP ZR (' 

DERGUNOVA, V KOLON 
TRT ZR C 

GROSSMAN. L 
CRY8 ZR C 

BENESOVSKY. F RUDY 
OF ZR C 

COFFMAN, J COIH.SON 
OHO ZR C 

BITTNER. H GORETZK 
ERES ZR C 

FINCH, R 
MPP ZR 

NORTON, J MOWRY. A 
PMAS ZR C 

SHAFFER, P 
PHA» ZR C 

NORTON, J 
PKA» ZR C 
SHAFFER. P 
PMA* ZR C 
BENESOVSKY. F RUDY 
PHA8 ZR C 
COFFMAN, J COULSON 


61 

300193 

60 

300216 

60 

201799 

01 

300486 

61 

900200 

61 

300477 

69 

600120 

61 

300260 

46 

300169 

62 

300616 

63 

301183 

63 

301216 

63 

301261 

63 

301286 

66 

301297 

62 

301409 

61 

701040 

49 

300159 

61 

700647 

61 

700647 

24 

701066 

61 

701040 

61 

301610 


301671 

62 

301626 

63 

202132 

62 

202004 

63 

202026 

63 

202044 

60 

700974 

61 

701040 

62 

301132 

61 

700647 

49 

300167 

61 

701067 

60 

701001 

61 

700941 

60 

700974 

61 

701040 


S ZR C 

KAUFMAN, L 
SPK ZR C 

COFFMAN. J KIBLER 
SURF ZR C 

HODDAD. R E GOLDWA 
TCON ZR C 

TAYLOR. R 
THER ZR C 

COFFMAN. J COULSON 
THER ZR C 

COFFMAN, J KIBLER 
THER ZR C 

BOLGAR. A 
THER ZR C 

ANON 

THER ZR C 

POLLOCK. B 
THER ZR C 

ANON 

THER ZR,C 

ANON 

VAP ZR C 

VIDALE, G 
VAP ZR C 

SCHICK. H ANTHROP 
VAP ZR C 

ANON 

VAP ZR C 

ANON 

VAP ZR C 

bol(;ak. a 

VAP ZK C 

COFFMAN. J COULSON 
VAP ZR C- 

COFFMAN. J KIBLER 
VAP ZR C 

COFFMAN. J COULSON 
VAP ZR C 

POLLOCK. B 
VAP ZK C 

COFFMAN, J COULSON 
VAP ZR C 

ANON 

THER ZR C SYST 

CUNNINGHAM. G WARD 
PMAS ZR C SYST 
BENESOVSKY, F RUDY 
PHAS /.R C SYST 

SARA. K LLOFF. R 
REAC C SYST 

PORTNOI. K LEVINSK 
PHAS ZR C SYST 

SARA, rx DOLLOFF. R 
VAP ZR C SYST 

POLLOCK, B D 
PHAS ZH CA O SYST 

GODINA. N KELER, E 
SPK ZR CL4 

BUCHLEH. A BERKOWl 
VAP ZR CL4 

EVSTYUKHIN, A BARI 
THER ZR CL SYST 

RUZINOV, L BELOV 
PHAS ZR CO 

BAILEY, D SMI iH.J 
PHAS ZR CO O SYST 

NEVITT. M DOWNEY 
MPP ZR CR B SYST 

MEYERSON, G 
VAP ZR COMPOUNDS 

ANON 

REV ZR COMPOUNDS 

BUDNIKOV, P CHEREP 
MPP ZR COMPOUNDS 

STRELETS, V PITAK 
CPH ZR F 4 

MCDONALD. R SINKE, 


S2 

SO 

49 

52 

' SO 

so 

61 

50 

51 
62 
SO 
61 

53 
60 
SO 
01 
SO 

50 

51 
SI 
61 
60 
03 

50 
62 

51 
02 
ei 
SI 
61 
60 


61 

61 

59 

61 

63 

62 

02 


300610 
700663 
300166 
300664 
701006 
700663 
700636 
700692 
600674 
601 S67 
700904 
301611 
300994 
700904 
700662 
700938 
701006 
700903 
701040 
600674 
300293 
600666 
301208 
600646 
30\067 
300216 
601622 
700636 
201336 
300183 
300882 
301666 
201646 
201267 
301116 
300230 
301416 
300624 
300662 


2-773 



ZR O 


OH ZR F 4 REAC 


GREENBERG. E SETTL 

SI 

300199 


SENSE 

62 

201688 

DH ZR F 4 




SPK ZR O 



SMITH. D MILLER, W 

62 

201642 


MURTHY, N 

62 

601623 

OHT ZR F 4 




SPK ZR O 



MCDONALD. R SINKE 

62 

300662 


ROSEN. B 

62 

301 BOO 

8PK ZR F 4 




SPK ZR O 



BUCHLER.A BERKOWl 

61 

300183 


OKTENBERG. F 

61 

300821 

SPK ZR HALIDES 




SPK ZR O 



BUCHLER. A 

60 

201466 


KIESS, C 

48 

600686 

THER ZR HALIDES 




SPK ZR O 



LUNGU.S 

62 

300736 


AFAF, M 

60 

600914 

PMAS ZR HF SI SYST 




TMEO ZR O 



SCHOB. O NOWOTNY 

61 

201647 


FLODMARK. S 

61 

301033 

PMAS ZR HF X 




THER ZR O 



NISELSON. L 

62 

201661 


SCHICK. H ANTHROP 

63 

301679 

DH ZR 1 4 




TMER ZR O 



TURNBULL. A 

61 

300269 


ACKERMANN. R THORN 

68 

601087 

THER ZR I 4 




THER ZR O 



ALEKSANDROVSKAYA. A 

62 

201610 


BEREZHNOl. A 

62 

201641 

PMAS ZR MG O SYST 




VAP ZR O 



GODINA. N KELKR. E 

61 

201336 


AC KERMANN. R THORN 

68 

601610 

VAP ZR N 




CPM ZR O 2 



FESENKO, V BOLGAR 

63 

301216 


ROBLJN. P 

63 

301668 

CRVS ZR N 




CPM ZR O 2 



VAN ARKEL. A 

24 

701066 


VICTOR. A DOUCiLAS 

60 

700949 

MPP ZR N 




CRVS ZR O 2 



SAMSONOV. G VERKHO 

61 

301673 


TEUKER, G 

62 

301604 

VAP ZR N 




ERES ZR O 2 



AKISHIN, P KHODEEV 

62 

300692 


COCCO, A BARHARIOL 

62 

301430 

CEMP ZR N 




ERES ZR O 2 



SAMSONOV. G FOMENK 

63 

202128 


DIXON. J LAGRANC'.E 

63 

301436 

THEO ZR N 




MPP ZR O 2 



BAUGHAN. E 

69 

300866 


POLUBOYARINOV. D (; 

62 

301562 

S ZR N 




CPM ZR O 2 



KAUFMAN. L 

62 

300910 


VK TOR. A DOUCiLAS 

60 

202163 

VAP ZR N 




TRT ZR O 2 



KIBLER.G LYON.T 

61 

601679 


VISH NEVSKII. 1 

62 

202164 

VAP ZR N 




TRT ZR O 2 



KIBLER, G LYON. T 

61 

601676 


WOLTEN, G 

63 

202161 

VAP ZR N 




PHAS ZR O 2 



KIBLER. G LYON. T 

62 

300427 


FANG, K Kl ZNETSCJV 

62 

301443 

CRTS ZR N 




PHAS ZR O 2 



LOWRIE. R 

60 

701014 


HINZ, 1 DIE rZEI.. A 

62 

301472 

MPP ZR N 




PHAS ZR O 2 



SAMSONOV. G VERKHO 

62 

300997 


PEREZ Y -lORBA. M 

62 

301491 

OF ZR N 




PMAS ZFi O 2 



SMAGINA. Y KUTSEV 

69 

300346 

• 

KELER. E ANDREEVA 

63 

301496 

CEMP ZR NITRIDES 




PMAS ZR O 2 



SAMSONOV, G 

60 

700947 


LEFEVRE, J 

63 

301619 

OH ZR NITRIDES 




THER ZR O 2 



SAMSONOV. G 

60 

700947 


SCHICK, H AN I HROP 

63 

301680 

REV ZR NITRIDES 




TRT ZR O 2 



SAMSONOV. G 

60 

700947 


WEBER. B 

62 

301616 

CRVS ZR N SYST 




TRT ZR O 2 



GROZIER. J 

61 

701018 


BUCKLEY, ,f 

62 

301418 

KIN ZR NB 




TRT ZR O 2 



COX. B CHADD, P 

62 

201963 


VAHLDIEK, F ROBINS 

62 

301606 

PMAS ZR NB SYST 




TRT ZR O 2 



LUNDEN, U E COX. R 

61 

300240 


HINZ. I DIETZEL, A 

62 

301473 

PMAS ZR NB SYST 




TRT ZR O 2 



LUNDIN. C 

69 

201119 


BAUN, W 

63 

201999 

PMAS ZRNIOSYST 




PHAS ZR O 2 



NEVITT. M DOWNEY 

61 

201267 


.CARROLL, D 

63 

202014 

SPK ZR O 




PHAS ZR O 2 



DEUTSCH. A MERRILL 

69 

202027 


COHEN. I SCHANER 

63 

202018 

CRVS ZR O 




CRVS ZR O 2 



FLODMARK.S 

61 

301033 


KOFSTAD, P RUZICKA 

63 

202073 

DF ZR O 




M'PP ZR O 2 



ACKERMANN. R THORN 

66 

601610 


MCTAGGART. F 

63 

202101 

DHO ZR O 




MPP ZR O 2 



NAZIMOVA. N 

60 

201227 


NAGARJAN. G 

63 

202106 

KIN ZR O 




VAP ZR O 2 



AKRAM. K SMELTZER 

62 

201872 


KIBLER. G LYON. T 

63 

301269 

KIN ZR O 




TRT ZR O 2 



DEBUIGNE. J LEHR 

62 

201 SS6 


MUMPTON, F ROY. R 

60 

301308 

PHAS ZR O 




TR1 ZR O 2 



KORNILOV. 1 

60 

20076S 


VISHNEVSKIl, 1 GAV 

62 

301373 


2-774 



CPL ZH O 2 

VICTOR. A DOlJCiLAS, 

CRV8 ZK O 2 

AUAM, J HOGKRS, M 
CBV8 ZR O 2 
COCCO, A SCHROMKK 
CRY8 ZR O 2 

VAN ARKEL, A 
CRY8 ZR O 2 

KOMISSAROVA, L SIM 
CRY8 ZR O 2 

STOCKER, J 
CRY8 ZR O 2 

BELOV. N 
CRYS ZR () 2 

KELLER. E K ANDKEK 
CTEX ZK O 2 

CRAIN. C CAMKHELl. 

H ZR O 2 

VICTOR, A nOLUlLAS 
MPP ZR O 2 

PIROGOV. A 
MPP ZR O 2 

YAVORSKY. P 
PEAS ZR O 2 

GRAIN. (' CAMPBELL 
PH AS ZK C) 2 

('OLLONCiCES R 
PH AS ZR O 2 

(•()(’('0. A 
PHAS ZR O 2 

COCCO. A VIRDIS, P 
PHAS ZR O 2 

WHITNEY, E 
PHAS ZH < 2 

DELIMARSKY, Y BI DE 
PHAS ZK O 2 

EVANS. P 
PHAS ZR O 2 

EVANS. P VS ir.DSMl'l H 
PHAS ZR O 2 

VAHLDIEK. K 1,^ N< H 
PHA8 ZR O 2 

LVN(n^, <' VAHLDIEK 
PHAS ZR O 2 

SMITH, D C LEIN, ( 

PHAS ZK O 2 

('OHEN. 1 S('HANER 
REAC ZR O 2 

ARONSON. S 
REAC ZR O 2 

M( TA(iGART. K 
REAC ZR O 2 

RliFF. O EBER r, F 
TCON ZR O 2 

ADAMS, M 
THER ZR O 2 

ACKERMANN. R THORN 
THER ZR O 2 

MCCLAINE. L 
TRT ZR O 2 

VAHLDIEK. F LYNCH 
TRT ZR O 2 

EVANS. P W'll.DSMITH 
VAP ZR O 2 

NAKATA, M MCKIS.SON 
ZXP ZR O 2 

ARONSON, S 
CRYS ZR OXIDES 

MAC.NELl, A ANDERSO 
THER ZR OXIDES 

ORTNEH. N ANDERSON 
VAP ZR OXIDES 

ORTNER, N ANDERSON 
CRYS ZR O SYST 

LIGHTER. B 
TM60 ZR O SYST 

FLODMARK.SROOS 


60 

700949 

69 

300862 

61 

201211 

24 

701066 

60 

200819 

61 

201102 

60 

800876 

61 

300222 

61 

601471 

60 

700949 

62 

300626 

62 

201763 

61 

601471 

61 

201212 

69 

201168 

61 

201316 

62 

301017 

m 

300880 

61 

201362 

61 

600768 


60 

600870 

61 

700620 

62 

201672 

62 

201846 

61 

200998 

61 

300338 

29 

900120 

64 

600961 

68 

601087 

80 

300278 

60 

800870 

61 

600768 

61 

300313 

61 

200998 

61 

201666 


69 70l0es 
69 70l0«e 
60 200774 
63 301219 


CRYS ZR O SYST 

LICHTER, B 
ERE8 ZR O SYST 

WASILEWSKI, R 
ERE8 ZR O SYST 

GEBHART, E SAGHEZZ 
KIN ZR O SYST 

KUBASCHEWSKI, O 
PHAS ZR O SYST 

KUBASCHEWSKI, O 
MPP ZR O SYST 

DEBURiNE. J LEHR 
PHAS ZR O SYST 

BURDESE, A BORLERA 
PHAS ZR O SYST 

HOLMBEKIL B DAGEHH 
THER ZR O SYST 

VElNBAt'HS, A KOMAR 
PHAS ZR O CA SYST 
SHKHAKEVSKII. B 
THER ZR O CL SYST 

KOMISSAROVA, L PLY 
MPP ZR O F SYST 

HI SLAYKV, Y GOKBUN 
PHAS ZR PT SYS r 

KKNDAI.L, E HAYS, C 
PHAS ZR SI B SYST 

PART HE, E NORTON 
PHAS ZK SI O SYST 

KKLER, E ANDREEVA 
PHAS ZK Si O SYST 

( ()f'( (>, A v-^CHHOMEK 
PHAS IH VU SYST 

EVANS. 1) 

PHAS ZR II NH SYST 

MIKHEEV . V HELOCSO 
PHAS ZR T1 O SYST 

( OCCO. A SCHKOMEK 
PHAS ZK i; C SYST 

BENESOVSKY, F RUDY 
PHAS ZR U O SYST 

ARONSON, S CLAYTON 
CEMP ZK C O SYST 

JOHANSEN. H CLEARY 
PHAS ZK U O SYST 

VORONOV, N VOITEKH 
THER ZK C (> SYST 

ARONSON.S CLAYTON 
REAC /.R VV B SYS V 

HKLGOH^ . Y. J 
THER /' X 4 

NAGARA.IAN, 


60 

600670 

62 

301076 

61 

300330 

62 

601677 

62 

601677 

63 

202026 

60 

200946 

61 

300326 

62 

60161 1 

61 

201707 

60 

200811 

62 

300830 

61 

201095 

60 

201404 

62 

201888 

60 

201188 

61 

201264 

61 

300834 

60 

201188 

61 

301406 

61 

300268 

62 

201882 

61 

201920 

61 

3002S8 

61 

201887 

62 

201 774 


2-775 



